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Description 

This  invention  relates  to  a  locating  and  posi- 
tioning  system  to  accurately  position  a  heat 
softened  glass  sheet  at  a  sheet  shaping  station. 

Shaped  and  tempered  glass  sheets  are  widely 
used  as  side  windows  or  rear  windows  in  vehicles 
such  as  automobiles  or  the  like  and  to  be  suitable 
for  such  applications  flat  glass  sheets  may  be 
shaped  to  precisely  defined  curvatures  dictated 
by  the  shape  and  outline  of  the  frames  defining 
the  window  openings  into  which  the  glass  side  or 
rear  windows  are  installed.  It  is  also  important 
that  the  side  or  rear  windows  meet  stringent 
optical  requirements  and  that  the  windows  be 
free  of  optical  defects  that  would  tend  to  interfere 
with  the  clear  viewing  therethrough  in  their  view- 
ing  area. 

During  fabrication,  glass  sheets  intended  for 
use  as  shaped  windows  in  vehicles  are  subjected 
to  thermal  treatment  to  temper  the  glass  for 
strengthening  the  same  and  increase  the 
resistance  of  the  shaped  window  to  damage 
resulting  from  impact.  In  addition  to  increasing 
the  resistance  of  the  glass  sheet  to  breakage, 
tempering  also  causes  the  glass  sheet  to  fracture 
into  relatively  small,  smooth  surfaced  fragments 
that  are  less  injurious  than  the  relative  large, 
jagged  fragments  that  result  from  the  breakage  of 
untempered  glass. 

The  commercial  production  of  shaped  glass 
sheets  for  such  purposes  commonly  includes 
heating  flat  sheets  to  the  softening  point  of  the 
glass,  shaping  the  heated  glass  to  a  desired 
curvature  and  cooling  the  bent  sheets  in  a  con- 
trolled  manner  to  a  temperature  below  the  anne- 
aling  range  of  the  glass.  During  such  treatment,  a 
glass  sheet  is  conveyed  along  a  substantially 
horizontal  path  that  extends  through  a  tunnel- 
type  furnace.  The  glass  sheet  is  one  of  a  series  of 
sheets  and  is  heated  to  its  deformation  tempera- 
ture  and  transferred  into  a  shaping  station  adja- 
cent  the  furnace,  where  the  glass  sheet  is  pressed 
between  upper  and  lower  molds.  The  upper  mold 
is  generally  a  vacuum  mold  that  holds  the  heat 
softened  glass  sheet  by  suction.  At  about  the 
same  time,  a  transfer  and  tempering  ring  having 
an  outlined  shape  conforming  to  that  desired  for 
the  glass  sheet  slightly  inboard  of  its  perimeter 
moves  upstream  into  a  position  below  the  upper 
vacuum  mold.  Release  of  the  vacuum  deposits 
the  glass  sheet  onto  the  tempering  ring  which 
supports  the  peripheral  portion  of  the  glass  while 
it  conveys  the  glass  sheet  into  a  cooling  station 
for  rapid  cooling. 

In  prior  art  apparatus,  glass  sheets  are  lifted  off 
the  surface  of  conveying  rolls  and  into  engage- 
ment  with  the  upper  vacuum  mold  either  by 
bottom  segmented  land  press  surfaces  situated 
between  conveying  rolls,  vertically  reciprocating 
lifting  fingers,  or  directly  by  suction  from  the 
vacuum  mold.  The  segmented  lower  mold  pro- 
vides  a  discontinuous  lifting  and  shaping  surface. 
The  upper  contours  of  the  lower  segmented  mold 
complement  the  shaping  surface  of  the  upper 

vacuum  mold.  The  segmented  bottom  presss 
surfaces  may  mark  the  lower  surface  of  the  glass 
sheet  or  may  produce  a  ripple  in  the  glass  due  to 
its  discontinuous  lifting  and  pressing  surface.  The 

5  vacuum  mold  is  provided  either  with  a  lower 
rigidly  curved  shaping  surface,  a  deformable 
shaping  surface  or  a  smooth  flat  shaping  surface 
that  lifts  the  flat  glass  sheet  by  suction  there- 
against  and  depends  on  the  release  of  the 

10  vacuum  within  the  mold  to  permit  the  hot  glass 
sheet  to  drop  by  gravity  onto  a  tempering  ring  to 
develop  the  shape  dictated  by  the  outline  con- 
figuration  of  the  tempering  ring.  A  process  such 
as  the  latter  is  generally  called  drop  forming. 

15  When  a  flat  glass  sheet  is  shaped  by  drop 
forming,  the  maximum  depth  of  bend  attainable 
depends  on  the  glass  thickness,  glass  tempera- 
ture  and  distance  the  glass  has  dropped.  It  is 
difficult  to  control  the  shape  of  thin  glass  sheets, 

20  particularly  those  heated  to  high  temperatures. 
Drop  forming,  using  deformable  molds,  and 

other  press  bending  systems  employing  lower 
segmented  molds  provide  an  efficient  technique 
for  generating  cylindrical,  compound,  variable 

25  radii  and  localized  configurations  for  simple  and 
moderately  complex  patterns,  where  no  dramatic 
bend  geometries  exist,  but  in  order  to  pursue 
more  complex  geometries  such  as  J-shaped 
bends,  reverses,  twists,  sharp  radii  and  deep 

30  localized  bends,  full  surfaced  pressing  action  is 
required.  Full  surface  top  and  bottom  pressing 
allows  for  complex  shaping  without  the  marking 
that  may  result  from  shaping  with  partial  and 
discontinuous  pressing  surfaces. 

35  US—  A—  (s)  4,282,026;  4,361,432;  4,437,871; 
and  4,437,872  to  McMaster  et  al.  each  teach  a 
drop  forming  apparatus  wherein  a  hot  glass  sheet 
is  engaged  within  a  heating  furnace  by  a  station- 
ary  upper  vacuum  pickup  positioned  above  the 

40  furnace  conveying  rolls  and  subsequently  is 
deposited  on  a  shuttling  carrier  mold  ring.  The 
downwardly  facing  surface  of  the  vacuum  pickup 
can  be  planar  or  curved.  The  pickup  can  recipro- 
cate  vertically  to  engage  the  glass,  or  auxiliary 

45  lifters  can  be  positioned  between  the  furnace  rolls 
and  beneath  the  hot  glass  sheet  to  lift  the  glass  for 
engagement  with  the  vacuum  pickup.  The  ring 
moves  beneath  the  vacuum  supported  glass 
sheet  and  the  vacuum  is  terminated  to  drop  the 

so  hot  glass  sheet  on  the  ring  and  effect  shaping. 
The  ring  subsequently  shuttles  from  its  pickup 
transfer  station  to  a  quench  unit  that  rapidly  cools 
the  shaped  glass.  Throughout  the  operation,  the 
vacuum  pickup  remains  horizontally  stationary 

55  within  the  furnace  and  the  glass  is  transferred 
directly  to  a  ring  mold. 

US—  A—  (s)  4,227,908;  4,229,199;  4,229,200; 
4,233,049;  and  4,280,828  to  Seymour  teach  shap- 
ing  glass  sheets  by  drop  forming.  A  heat  softened 

60  glass  sheet  exits  a  furnace  and  is  postioned  on  a 
support  bed  below  a  stationary  flat  vacuum  pic- 
kup.  The  pickup  lifts  the  glass  sheet  and  moves 
upward  to  allow  a  contoured  shaping  ring  to  be 
positioned  under  the  sheet.  Vacuum  is  disen- 

65  gaged  and  the  sheet  drops  on  the  ring.  The  force 
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jenerated  by  the  impact  of  the  glass  sheet  on  the 
ing  provides  the  bending  force  required  to  shape 
he  sheet  and  conform  it  to  the  contours  of  the 
ing.  The  patents  also  teach  the  use  of  auxiliary 
ihapers  to  impart  additional  contours  in  the  glass 
sheet. 

US—  A—  (s)  4,221,580;  4,285,715;  and  4,433,993 
o  Frank  and  No.  4,430,110  to  Frank  et  al.  teach  a 
lorizontal  press  bending  operation  wherein 
leated  glass  sheets  enter  a  shaping  station  and 
are  lifted  off  the  run-in  conveyor  rolls  by  a  slotted 
ower  mold.  The  glass  sheet  is  pressed  between 
tie  slotted  lower  mold  and  a  shaped  upper 
/acuum  mold.  After  pressing,  the  lower  mold  is 
•etracted  to  a  position  beneath  the  run-in  rolls.  A 
shuttling  tempering  ring  is  positioned  below  the 
/acuum  mold  and  the  vacuum  is  released  so  that 
:he  shaped  glass  is  deposited  onto  the  tempering 
■ing.  The  ring  subsequently  transfers  the  shaped 
glass  to  a  quenching  station  to  temper  the  bent 
glass  sheet.  The  upper  vacuum  mold  can  recipro- 
;ate  vertically  but  is  horizontally  stationary. 

US—  A—  4,297,118  to  Kellar  et  al.  teaches  a 
shuttling  deformable  vacuum  mold  that  engages 
3  heated  glass  sheet  within  a  heating  furnace. 
While  still  in  the  furnace,  the  mold  deposits  the 
shaped  glass  sheet  on  a  shuttling  tempering  ring 
that  is  positioned  beneath  the  mold.  After 
depositing  the  glass,  the  vacuum  mold  shuttles  to 
3  position  outside  of  the  furnace  to  cool  prior  to 
reentering  the  furnace  to  engage  the  next  glass 
sheet.  The  tempering  ring  transfers  the  glass 
sheet  from  the  furnace  to  a  quenching  station  to 
temper  the  glass. 

US—  A—  4,517,001  to  McMaster  teaches  the  use 
of  a  traveling  vacuum  holder  with  a  downwardly 
facing  engaging  surface  to  lift  a  heated  glass 
sheet  and  transfer  the  sheet  onto  a  carrier  ring 
mold  within  the  heating  furnace  wherein  the 
heated  glass  sheet  is  bent  under  the  force  of 
gravity  on  the  mold.  The  bent  glass  sheet  is 
subsequently  removed  from  the  furnace  to  a 
quench  unit  to  temper  the  bent  glass. 

US—  A—  4,200,420  to  Cathers  et  al.  and 
4,228,993  to  Cathers  teach  a  glass  sheet  orienting 
and  transporting  frame  for  use  with  an  industrial 
robot.  The  frame  includes  a  plurality  of  sheet 
locating  arms.  The  frame  is  positioned  above  the 
sheet  and  the  arms  locate  edge  portions  of  the 
sheet.  The  frame  thereafter  moves  the  sheet  and 
orients  it  in  a  predetermined  position.  The  locat- 
ing  arm  moves  away  from  the  oriented  sheet 
which  is  thereafter  engaged  by  the  frame  and 
moved  away  from  the  sheet  orienting  area. 

US—  A—  4,204,853  and  4,298,368  to  Seymour 
teach  alignment  devices  for  positioning  glass 
sheets  on  a  hot  gas  support  bed  adjacent  the  exit 
end  of  a  furnace.  Rotating  conveyor  rolls  move 
the  glass  sheet  over  the  support  bed  and  urge  it 
into  contact  with  a  locating  frame.  The  frame  is 
contoured  to  conform  to  the  curvature  of  a  por- 
tion  of  the  leading  edge  of  the  glass  sheet.  After 
alignment  the  glass  sheet  is  shaped. 
US—  A—  4,228,886  to  Moran  teaches  a  position 
sensor  wherein  a  pair  of  sensors,  each  with 

multiple  energy  sources,  e.g.,  a  ugnt  source, 
direct  the  light  source  at  a  major  surface  of  a  glass 
sheet  positioned  thereunder.  A  portion  of  the  light 
directed  at  the  sheet  does  not  contact  the  sheet 

5  while  another  portion  of  the  light  makes  contact 
with  and  is  reflected  from  the  sheet.  The  reflected 
light  passes  through  a  lens  and  strikes  a  photo 
detector.  Based  on  the  amount  of  light  that  strikes 
the  detector,  the  portion  of  the  sheet  reflecting  the 

<o  light  from  each  sensor  can  be  calculated  and  the 
overall  orientation  of  the  sheet  can  be  deter- 
mined. 

US—  A—  4,364,766  to  Nitschke  teaches  a  micro- 
processor  based  control  system  for  monitoring 

15  and  controlling  pairs  of  hot  glass  sheets  as  they 
are  conveyed  through  a  heating,  bending  and 
tempering  operation.  The  glass  is  conveyed 
through  a  heating  furnace  and  as  the  glass  pairs 
approach  an  overhead  vacuum  pickup  in  the 

>o  furnace,  a  photo  electric  sensor  provides  a  glass 
sensing  signal  to  a  control  computer  that  controls 
the  rotational  velocity  of  different  sets  of  furnace 
conveyor  rolls.  By  controlling  the  roll  speeds,  the 
distance  between  adjacent  sheets  of  glass  pairs 

?5  can  be  established  for  engagement  with  the 
vacuum  pickup. 

US—  A—  4,360,374  to  Nitschke  teaches  a  glass 
sheet  alignment  system  whereby  the  roller  con- 
veyor  in  the  vicinity  of  a  vacuum  holder  includes  a 

so  roll  shifter  to  shift  sets  of  conveying  rolls  along 
the  direction  of  the  glass  sheet  conveyance.  The 
set  of  rolls  is  shifted  in  the  direction  opposite  to 
the  direction  of  conveyance  to  reduce  sliding  of 
the  glass  sheet  with  respect  to  the  vacuum  holder 

35  as  the  glass  sheet  is  engaged  by  the  holder.  In 
another  embodiment,  the  conveying  rolls  near 
the  vacuum  holder  are  driven  by  a  drive  separate 
from  the  remaining  rolls  of  the-  conveyor  and 
independently  controlled,  to  position  the  glass. 

40  Both  arrangements  align  the  glass  sheet  beneath 
the  vacuum  holder  to  reduce  the  relative  move- 
ment  of  the  hot  glass  sheet  immediately  prior  to 
its  engagement  with  the  vacuum  holder. 

EP—  A—  067  509  describes  a  control  system  for 
45  monitoring  and  controlling  the  processing  of 

glass  sheets  in  a  bending  and  tempering  system, 
wherein  the  presence  and  position  of  the  glasss 
sheets  are  detected  by  photo  electric  sensors.  The 
signal  from  the  sensor  is  forwarded  to  a  control 

so  computer  which  is  programmed  to  respond  to  the 
glass  sensor  signals  to  co-ordinate  the  glass 
bending  and  tempering  system. 

It  would  be  advantageous  to  develop  a  system 
whereby  heated  glass  sheets  could  be  transferred 

55  directly  from  the  furnace  to  a  shaping  station  with 
upper  and  lower  full  face  bending  molds.  In 
addition,  a  system  that  would  accurately  position 
glass  sheets  within  the  shaping  station  would  be 
desirable. 

60  This  object  is  attained  by  a  glass  sheet  position- 
ing  apparatus  comprising  means  to  support  a 
glass  sheet  in  a  shaping  station,  a  vision  sighting 
set  up  including  means  indicating  the  location  of 
said  sheet  and  a  programmable  computer  and 

65  controller  and  an  amplifier,  means  acting  on 
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moving  means  to  move  said  sheet  from  a  given  to 
a  predetermined  position,  characterized  in  that 
the  support  means  comprises  a  sheet  positioning 
frame  with  a  carriage  including  a  stationary  guide 
rail  and  carriage  support  assembly,  a  hammock 
support  assembly  on  which  the  glass  sheet  is 
located  and  which  slides  relative  to  the  guide  and 
rail  carriage  support  assembly,  a  carriage  slide 
assembly,  connected  with  said  hammock  support 
assembly  slidably  moves  the  hammock  support 
assembly  over  the  stationary  guide  rail  and 
carriage  support  assembly,  means  to  move  said 
frame  in  a  plane  between  said  molds,  and  said 
vision  sighting  set  up  includes  a  video  camera 
linked  to  the  computer  and  controller,  said  video 
camera  is  positioned  such  it  can  view  a  generally 
transversely  extending  edge  of  the  glass  sheet 
deposited  on  the  hammock  support  assembly. 

The  solution  also  includes  a  method  of  posi- 
tioning  a  glass  sheet  at  a  predetermined  set  point 
in  a  shaping  station  by  physically  locating  the 
glass  sheet  on  its  support  with  a  vision  sighting 
set-up  sending  an  information  to  a  programmable 
computer  and  controller  which  compares  the 
actual  position  of  a  reference  point  to  a  home 
position  and  calculates  the  distance  the  glass 
sheet  must  be  moved  in  sliding  direction  to  be 
properly  aligned  and  the  computer  and  controller 
sends  a  signal  through  a  signal  amplifier  to  a 
drive  which  moves  the  support  assembly  of  the 
glass  sheet,  characterized  by  transferring  the 
glass  sheet  from  conveyor  means  onto  a 
hammock  support  assembly  positioned  in  the 
shaping  station,  and  using  a  video  camera  view- 
ing  at  least  one  reference  point  on  a  portion  of  a 
transversely  extending  edge  of  the  glass  sheet 
deposited  on  said  hammock  support  assembly 
comparing  the  actual  position  of  said  reference 
point  with  a  home  position  representing  proper 
location  of  said  reference  point  which  is  estab- 
lished  in  a  pixel  array  of  said  camera,  and  moving 
the  hammock  support  assembly  the  distance  in 
sliding  direction  forward  or  backward  that  the 
edge  of  said  glass  sheet  is  properly  aligned  with 
the  home  position  of  this  reference  point. 

The  invention  provides  a  sheet  positioning 
apparatus  to  locate  and  position  a  sheet  of 
material,  e.g.,  glass,  between  a  pair  of  vertically 
aligned  upper  and  lower  bending  molds.  A 
camera  views  the  sheet  as  it  is  supported  on  a 
frame  between  the  molds  and  identifies  a  ref- 
erence  indicator.  A  programmable  computer  and 
controller  determines  the  distance  between  the 
reference  indicator  and  a  desired  predetermined 
position  of  the  indicator  between  the  molds.  The 
computer  and  controller  then  signal  a  drive  that 
moves  the  frame  with  the  sheet  thereon  to  align 
the  reference  indicator  with  its  predetermined 
position.  The  frame  includes  a  heat  resistant  cloth 
extending  horizontally  across  the  frame  to 
support  the  sheet.  The  cloth  is  pulled  taut  to 
reduce  sag  of  the  sheet,  and  is  periodically 
changed. 

The  present  invention  also  provides  a  method 
of  positioning  a  sheet  in  a  shaping  station.  First,  a 

predetermined  set  point  is  established.  Next  a 
reference  indiator  is  identified  on  the  sheet  which 
is  supported  on  a  frame  at  the  shaping  station. 
The  support  frame  is  then  moved  to  align  the 

5  reference  indicator  with  the  set  point.  The  ref- 
erence  indicator  is  generally  identified  on  a  por- 
tion  of  the  edge  of  the  sheet.  The  frame  is 
movable  with  a  given  frame  and  can  rotate  about 
an  axis  generally  perpendicular  to  the  plane. 

10 
Brief  descriptions  of  the  drawings 

Figure  1  is  an  elevational  view  showing  a 
preferred  embodiment  of  the  furnace,  bending 
station,  and  cooling  station. 

15  Figure  2  is  an  isometric  schematic  view  illustrat- 
ing  the  vacuum  platen  shuttle  arrangement  and 
vision  sensor  positioning  system. 

Figure  3  is  an  isometric  view  of  the  vacuum 
platen  shuttle  arrangement,  with  portions 

20  removed  for  clarity. 
Figure  4  is  a  cross-sectional  view  taken  along 

line  4  —  4  of  Figure  3  illustrating  the  vacuum 
platen  pickup  and  shuttle  drive. 

Figure  5  is  a  view  taken  along  lines  5  —  5  of 
25  Figure  3  illustrating  the  vacuum  platen  pickup 

support  frame  and  lifting  cams. 
Figure  6  is  a  view  taken  along  line  6  —  6  of  Figure 

3  illustrating  the  vacuum  platen  pickup  support 
frame. 

30  Figure  7  is  an  isometric  schematic  view  of  the 
hydraulic  circuit  controlling  the  rotating  cams. 

Figure  8  is  an  isometric  view  of  the  positioning 
frame  of  the  vision  sensor  positioning  system, 
with  portions  removed  for  clarity. 

35  Figure  9  is  a  cross-sectional  view  taken  along 
line  9  —  9  of  Figure  8  illustrating  the  hammock 
material  support  rolls  and  the  guide  rails  with 
supports. 

Figure  10  is  a  cut-away  isometric  view  of  the 
40  carriage  slide  assembly  for  the  hammock  support 

assembly. 
Figure  11  is  an  isometric  schematic  view  of  the 

vision  sensor  positioning  system  illustrating 
various  positions  of  the  glass  sheet  to  be  shaped 

45  on  the  hammock  matrial. 
Figure  12  is  an  enlarged  plan  view  of  the 

viewing  window  of  the  camera  of  the  vision 
sensor  positioning  system  illustrating  various 
positions  of  the  leading  edge  of  the  glass  sheet  to 

so  be  shaped. 

Detailed  description  of  the  invention 
Referring  to  Figures  1  and  2,  an  apparatus  for 

heating  and  shaping  sheets  of  materials  such  as 
55  glass,  includes  a  furnace  20  through  which  sheets 

of  glass  are  conveyed  while  being  heated  to  the 
glass  deformation  temperature.  It  should  be 
appreciated  that  although  in  the  preferred 
embodiment,  the  sheet  matrial  is  glass,  the  inven- 

60  tion  is  not  limited  to  glass  and  can  be  used  with 
other  heat  softenable,  deformable  materials.  A 
cooling  station  generally  indicated  at  22  for  cool- 
ing  the  curved  sheets  of  glass  and  an  unloading 
station  (not  shown)  is  located  beyond  the  cooling 

65  station  22  to  the  right  of  the  furnace  20  as  shown 
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n  Figures  1  and  2.  A  shaping  station  24  is 
lisposed  between  the  furnace  20  and  the  cooling 
tation  22.  A  retrieval/positioning  system  26 
ransfers  heated  glass  sheets  from  the  furnace  20 
md  positions  it  in  the  shaping  station  24.  A  sheet  s 
ransfer  means  28,  shown  only  in  Figure  2, 
Dcated  in  the  cooling  station  22  transfers  the 
haped  glass  sheets  from  the  shaping  station  24 
o  the  cooling  station  22. 

Heat  may  be  supplied  to  the  furnace  20  in  any  70 
lonvenient  manner,  e.g.,  from  gas  burners  or  by 
ilectrical  radiant  heaters,  or  by  a  combination  of 
>oth,  which  heat  supply  means  are  well  known  in 
he  art.  The  furnace  20  includes  a  horizontal 
;onveyor  comprising  longitudinally  shaped  trans-  15 
'ersely  extending  conveyor  rolls  30  that  define  a 
>ath  of  travel  which  extends  through  the  furnace 
!0.  The  conveyor  rolls  30  may  be.  arranged  in 
lections  so  that  the  speed  of  the  different  con- 
reyor  sections  may  be  controlled  and  syn-  20 
ihronized,  in  a  manner  well  known  in  the  art,  for 
>roper  movement  and  positioning  of  glass  sheets 
hrough  the  furnace  20.  A  glass  sensing  element 
52  is  located  within  the  furnace  20  to  initiate  a 
;ycle  of  operation  for  bending.  25 

The  glass  sensing  element  32,  electronic  limit 
switches,  and  various  timer  circuits  are  provided 
:o  synchronize  the  operation  of  various  elements 
jf  the  bending  operation  according  to  a  predeter- 
nined  sequence.  30 

The  shaping  station  24  is  comprised  of  a  lower 
nold  34,  shown  in  Figures  2  and  3,  and  an  upper 
nold  36,  shown  in  Figures  1  and  2.  The  lower 
■nold  34  is  a  full  surface  mold  with  an  upper 
Dressing  face  38  conforming  in  shape  to  the  35 
shape  desired  for  the  glass  sheet  to  be  bent.  The 
bwer  mold  34  is  fixed  to  a  lower  mold  support 
platform  40  operatively  connected  to  piston  42  for 
vertically  reciprocating  movement.  The  platform 
40  is  connected  to  a  lower  frame  44  as  shown  in  40 
Figure  1  through  lower  vertical  guide  rods  46.  The 
upper  surface  38  of  the  lower  mold  34  is  prefer- 
ably  smoothly  surfaced  to  avoid  imparting  any 
irregularities  in  the  glass  sheet  surface  and  is 
preferably  composed  of  steel,  meehanite,  or  a  45 
ceramic  composite.  This  material  provides  a 
smoothly  surfaced  contour  and  good  durability 
despite  intermittent  contact  with  hot  glass  that 
causes  rapid  cyclic  temperature  variations  over 
an  extended  period.  so 

The  upper  mold  36  has  an  upper  mounting 
plate  48  and  an  apertured  lower  press  face  50.  The 
press  face  50  is  shaped  to  be  slightly  less  sharply 
bent  than  the  shaping  surface  formed  by  the 
upper  surface  38  of  the  lower  mold  34.  The  upper  55 
vacuum  mold  36  communicates  through  an 
evacuation  pipe  52  with  a  vacuum  source  (not 
shown).  Referring  to  Figure  1,  the  upper  vacuum 
mold  36  is  suitably  connected  through  upper 
vertical  guide  rods  54  to  an  upper  supporting  60 
frame  56  and  is  moveable  relative  thereto  by  an 
upper  vertical  piston  58.  The  evacuation  pipe  52 
may  be  connected  through  a  suitable  valve 
arrangement  to  a  source  of  pressurized  air  (not 
shown)  and  the  valves  for  the  vacuum  and  65 

iressure  line  may  De  syncnronizea  accurumg  iu  <a 
iredetermined  time  cycle  in  a  manner  well  known 
n  the  art.  The  upper  mold  36  is  preferably 
omposed  of  steel,  meehanite,  or  a  ceramic  com- 
tosite  covered  with  a  refractory  material  60  such 
is  fiberglass  as  is  well  known  in  the  art. 

The  upper  and  lower  molds  are  reinforced  to 
insure  that,  if  required  by  the  shaping  operation, 
he  pressing  action  of  the  molds  is  perpendicular 
o  the  path  of  travel  of  the  glass  sheet  to  be 
ihaped  therebetween  and  that  the  press  faces  38 
ind  50  remain  parallel  to  each  other. 

Referring  now  to  Figure  3,  in  order  to  transfer 
leat  softened  glass  sheets  from  the  exit  end  of 
he  furnace  20  to  the  shaping  station  24,  using  the 
etrieval/positioning  system  26  that  includes  a 
shuttle  frame  62  to  move  a  vacuum  platen  pickup 
54  from  a  park  position  within  the  exit  end  of  the 
urnace  20  to  an  unload  position  between  the 
ower  mold  34  and  upper  vacuum  mold  36  of  the 
shaping  station  24  and  a  vision  sensor  positioning 
system  66,  to  be  discussed  later. 

The  shuttle  frame  62  includes  a  pair  of  longi- 
udinally  extending  support  beams  68  and  70 
nterconnected  by  cross  braces  72  and  74.  The 
jeams  68  and  70  are  hollow  to  supply  vacuum  to 
:he  platen  pickup  64  as  will  be  discussed  later. 
:ine  tooth  drive  racks  76  and  78  are  fixed  to  the 
:op  surface  of  the  beams  68  and  70  and  engage 
drive  sprockets  80  and  82  respectively.  Sprockets 
30  and  82  are  mounted  on  a  common  drive  shaft 
34  which  is  driven  by  motor  86.  The  motor  86  is 
Dreferably  a  D.C.  motor  with  reducer.  Counter  88 
-nounted  on  shaft  84  monitors  its  rotation  to 
provide  accurate  positioning  of  the  shuttle  frame 
32  as  will  be  discussed  later.  Front  guide  90  and 
rear  guide  92  are  mounted  on  the  beam  68  and 
slidably  engage  guide  shaft  94  which  parallels  the 
beam  68.  The  guide  shaft  94  is  mounted  to  the 
bending  assembly  frame  (not  shown)  and  limits 
the  movement  of  the  shuttle  frame  62  to  the 
direction  in  which  the  glass  sheet  is  conveyed 
through  the  furnace  20.  Front  roller  96  and  rear 
roller  98  are  mounted  on  the  beam  70  and 
positioned  to  ride  over  roller  guide  track  100. 

Because  the  shuttle  frame  62  is  exposed  to  high 
thermal  conditions  and  extreme  thermal  cycling, 
i.e.  movement  from  its  parked  position  in  the 
furnace  20  to  the  unload  position  in  the  shaping 
station  24  and  back  again,  it  is  subject  to  stress 
conditions  that  may  tend  to  bend  and  warp  the 
frame  62.  The  arrangement  of  the  preferred 
shuttle  frame  62  overcomes  this  by  providing  free 
expansion  capabilities.  The  only  fixed  reference 
location  relative  to  the  shuttle  frame  62  is  the 
guide  shaft  94.  The  frame  62  can  expand  longi- 
tudinally  without  warping  or  binding  because  the 
front  guide  90  and  rear  guide  92  on  the  beam  68 
and  the  front  roller  96  and  rear  roller  98  on  the 
beam  70  can  each  move  longitudinally  relative  to 
each  other.  In  addition,  since  the  rollers  96  and  98 
move  in  the  track  100  and  are  not  restricted  in  a 
lateral  direction,  the  shuttle  frame  62  can  expand 
or  contract  laterally  without  warping  or  binding. 

The  vacuum  platen  pickup  64  is  positioned  on  a 

b 
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free  hanging  frame  102  between  the  beams  68 
and  70  and  cross  braces  72  and  74  so  that  it  can 
move  vertically,  independent  from  the  shuttle 
frame  62.  As  shown  in  Figure  4  the  platen  pickup 
64  includes  a  flat  lower  apertured  wall  104,  side 
walls  106  and  an  outer  perimeter  ledge  108.  Lid 
110  rests  on  seat  112  of  the  side  walls  106  to  form 
an  enclosed  chamber  114  through  which  vacuum 
is  drawn  in  a  manner  to  be  discussed  below. 
Although  not  limited  in  this  invention,  the  lower 
wall  104  is  preferably,  made  of  either  ceramic 
material  or  meehanite  cast  iron.  In  either  instance, 
face  116  of  the  lower  wall  104  is  covered  with  a 
heat  resistant,  non-reactive,  insulating,  smooth 
surface  material  118,  such  as  Kaowool®  2600 
paper  available  from  Babcock  and  Wilcox.  The 
material  118  is  glued  to  the  face  116  with  an 
adhesive  that  has  thermal  expansion  properties 
similar  to  that  of  the  lower  wall  104.  Holes  are 
then  bored  through  the  material  1  18  to  be  aligned 
with  the  apertures  in  the  lower  wall  104  to  provide 
passageways  120  through  which  vacuum  is 
drawn.  Other  matrials  such  as  graphite,  metal 
oxides,  boron  nitride,  and  alumina  and  silica 
papers  also  have  been  used  to  coat  or  cover  the 
face  116  of  the  platen  pickup  64.  The  cover 
material  118  helps  insulate  the  glass  sheet  G  from 
the  pickup  64  to  reduce  heat  loss  and  permit  a 
lower  exit  temperature  of  the  glass  sheet  G  from 
the  furnace  20. 

It  should  be  noted  that  although  the  preferred 
vacuum  platen  pickup  64  is  a  flat  pickup,  a 
deformable  vacuum  pickup  similar  to  the  deform- 
able  vacuum  molds  in  US  —  A  —  (s)  4,297,118  and 
4,430,110  could  be  used  to  preform  the  heated 
glass  sheet  prior  to  final  bending. 

As  shown  in  Figure  4,  the  preferred  embodi- 
ment  includes  connecting  arms  122  that  extend 
inwardly  from  the  beams  68  and  70  of  the  shuttle 
frame  62  over  the  lid  110  of  the  platen  pickup  64. 
The  arms  122  are  hollow  with  opening  124  and 
extended  neck  section  126  to  provide  vacuum 
passage  between  the  chamber  1  14  and  the  beams 
68  and  70.  Heat  resistant  material  128  can  be 
packed  between  the  connecting  arm  122  and  the 
lid  110  as  well  as  around  the  neck  section  126  to 
help  reduce  vacuum  leakage.  The  connecting  arm 
122  is  vertically  spaced  from  the  lid  108  and  the 
neck  section  126  is  slidably  positioned  within  the 
lid  108  to  allow  for  vertical  movement  of  the 
vacuum  platen  pickup  64  during  operation,  as  will 
be  discussed  later.  As  an  alternative,  the  connect- 
ing  arm  1  22  can  be  made  flexible  at  its  connection 
with  the  beams  68  and  70  such  as  by  using  spring 
steel,  spiral  wrapped,  heat  resistant  rubber,  so 
that  the  neck  section  126  can  be  fixed  to  the  lid 
108  while  the  connection  arm  122  flexes  to  allow 
for  vertical  movement  of  the  platen  pickup  64. 

Vacuum  is  drawn  through  the  passageways  120 
of  the  apertured  wall  104,  through  neck  section 
126  which  extends  into  chamber  114,  through  the 
connecting  arm  122,  through  the  beams  68  and  70 
and  out  vacuum  hookups  130  and  132.  The  dead 
weight  of  the  lid  110  as  well  as  a  closing  action 
resulting  when  the  vacuum  is  drawn,  helps  seal 

the  upper  edge  of  the  chamber  114.  This  arrange- 
ment  of  directing  the  vacuum  through  the  shuttle 
frame  62  allows  the  vacuum  hookups  130  and  132 
to  be  connected  outside  of  the  furnace  20  so  that 

5  they  are  not  exposed  to  high  temperature  con- 
ditions  or  thermal  cycling.  Furthermore,  any 
thermal  degradiation  of  the  vacuum  actuators  or 
valves  is  reduced. 

Referring  to  Figures  4,  5,  and  6  as  required,  the 
10  free  hanging  frame  102  includes  a  rectangular 

frame  134  composed  of  a  pair  of  longitudinally 
extending  support  angles  136  and  a  pair  of  lat- 
erally  extending  support  angles  138  suspended 
from  lifting  cams  140.  The  angles  136  and  138 

15  each  have  inwardly  extending  leg  portions  142 
and  144  respectively,  to  support  the  perimeter 
ledge  108  of  the  platen  pickup  64.  As  illustrated  in 
Figures  5  and  6  the  angles  136  and  138  are 
interconnected  at  the  corners  of  the  rectangular 

20  frame  134  by  angles  146.  Horizontal  leg  portion 
148  of  the  angle  146  is  secured  to  leg  portion  144 
of  the  laterally  extending  support  angle  138  by 
bolt  assembly  150.  Hole  152  through  leg  portion 
144  and  hole  154  through  leg  portion  148  are 

25  sized  larger  than  the  diameter  of  bolt  156  so  as  to 
allow  slippage  at  the  corners  of  the  frame  102  as  it 
expands  and  contracts  due  to  cyclic  heating.  Nut 
158  is  welded  to  the  lower  face  of  leg  portion  144 
to  prevent  it  from  falling  off  and  damaging  a 

30  conveyor  roll.  Vertical  leg  portion  1  60  of  the  angle 
146  is  secured  to  vertical  leg  portion  162  of  the 
longitudinally  extending  support  angle  136.  Verti- 
cal  leg  164  of  each  of  the  angles  138  is  fitted  with 
frame  support  angles  1  66  which  ride  on  the  lifting 

35  cams  140.  Each  pair  of  cams  140  are  inter- 
connected  by  a  common  cam  shaft  168  and  170, 
supported  by  blocks  172  which  are  mounted  to 
cross  braces  72  and  74  respectively.  An  alignment 
pin  174  extends  upwards  from  the  block  172  and 

40  through  a  hole  176  in  the  support  angles  166  so 
that  the  movement  of  the  vacuum  platen  pickup 
64  and  free  hanging  frame  104  remains  generally 
vertical. 

As  shown  in  Figure  7,  the  cams  140  are  part  of  a 
45  hydraulic  circuit  that  rotates  all  the  cams  140 

simultaneously  in  the  same  direction.  Cam  pair 
178  on  cam  shaft  168  and  cam  pair  1  80  on  the  cam 
shaft  170  are  interconnected  by  linkage  182  that 
includes  horizontal  rod  184  pinned  at  joints  186 

so  and  188  to  rotating  arms  190  and  192,  respec- 
tively.  The  opposite  ends  of  the  arms  190  and  192 
are  fixed  to  the  cam  shafts  168  and  170.  respec- 
tively.  Extension  194  of  the  cam  shaft  168  is 
connected  to  rotating  arm  196  which  in  turn  is 

55  pinned  at  connection  192  to  hydraulic  link  arm 
200.  Hydraulic  cylinder  202  engages  the  link  arm 
200  and  drives  it  forward  and  backward  as  indi- 
cated  by  arrow  204.  This  action  pivots  the  arm  1  96 
linked  to  the  cam  shaft  168  and  causes  it  to  rotate 

60  as  indicated  by  arrow  206.  The  linkage  182  which 
is  also  connected  to  cam  shaft  168,  moves  as 
indicated  by  arrows  208  and  causes  cam  shaft  170 
to  rotate  as  indicated  by  arrow  210. 

Each  cam  140  is  positioned  in  the  same  orien- 
65  tation  relative  to  the  cam  shafts  168  and  170.  As  a 
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ssult,  when  the  hydraulic  cylinder  ^uz  is  acu- 
ated  and  the  cams  140  rotate,  the  free  hanging 
ame  102  supporting  the  platen  pickup  64  moves 
srtically  an  equal  amount  at  each  support.  As 
an  now  be  appreciated,  the  vacuum  platen  pic- 
jp  64  can  be  made  to  tilt.  Cams  of  different 
anfigurations  can  be  used  at  each  support  so 
lat  as  the  cam  shafts  rotate,  each  corner  moves  a 
ifferent  amount.  In  addition,  spacers  can  be 
iserted  between  the  support  angles  168  and 
locks  172,  preferably  at  selected  alignment  pins 
74  to  limit  the  downward  movement  of  the 
ame  102  at  a  particular  support.  Furthermore, 
le  cams  140  can  be  oriented  at  different  degrees 
f  rotation  so  that  as  the  cams  140  rotate  simul- 
aneously,  one  cam  or  one  pair  of  cams  will  raise 
r  lower  the  frame  102  a  different  amount  from 
ie  other  cam  or  pair  of  cams.  A  fourth  alternative 
ldudes  connecting  each  cam  or  pair  of  cams 
/ith  individually  controlled  hydraulic  circuits. 
The  vision  sensor  positioning  system  66  as 

hown  in  Figures  8,  9  and  11  is  located  at  the 
haping  station  24  to  enhance  the  in-press  posi- 
ioning  accuracy  of  the  retrieval/positioning 
ystem  26  as  it  deposits  heated  glass  sheets  from 
he  furnace  20  at  the  shaping  station  24  for 
haping,  and  includes  a  glass  sheet  positioning 
rame  212  and  a  vision  sighting  setup  214  as 
ihown  in  Figure  11.  The  positioning  frame  212 
ncludes  a  carriage  216  mounted  on  the  lower 
nold  support  platform  40  such  that  portions  of 
he  carriage  216  can  move  longitudinally  along 
he  axis  defined  by  the  direction  in  which  the 
jlass  sheets  are  conveyed.  The  carriage  216 
ncludes  a  guide  rail  and  carriage  support 
assembly  218,  a  hammock  support  assembly  220 
and  a  carriage  slide  assembly  222.  The  carriage 
support  assembly  218  includes  transverse  cross 
seams  224  which  are  rigidly  mounted  to  the 
jlatform  40  and  support  four  corner  posts  226. 
Each  corner  post  226  supports  a  guide  rail  pillow 
3lock  228  on  a  vertically  adjustable  pedestal  230. 
rhe  posts  226  are  channeled  to  receive  finger 
nembers  232  of  the  pedestal  230  for  vertically 
slideable  movement  therein.  The  pedestal  230 
:an  be  vertically  secured  in  position  in  any  well 
mown  manner  such  as  a  set  screw  234  inserted 
through  one  of  the  apertures  236  in  the  finger 
member  232  and  into  a  bore  (not  shown)  in  the 
corresponding  post  226.  Each  pair  of  pillow 
blocks  228  supports  opposite  ends  of  a  carriage 
guide  rail  238.  The  guide  rails  238  are  parallel  to 
each  other  and  extend  in  the  longitudinal  sliding 
direction  of  the  carriage  216  as  indicated  by  arrow 
240. 

The  hammock  support  assembly  220  which 
slides  relative  to  the  guide  rail  and  carriage 
support  assembly  218  includes  an  upper  rect- 
angular  frame  242  to  support  a  hammock  supply 
roll  244,  a  hammock  take-up  roll  246  and  a  pair  of 
hammock  stretching  rolls  248  and  250.  The 
hammock  material  252  which  is  a  high  heat 
resistant  fabric  that  will  not  react  with  or  mark  hot 
glass  sheets  supported  thereon,  is  stretched  from 
the  supply  roll  244  over  the  stretching  rolls  248 

anu  £OU  IU  IMC  IC3NC-U(J  lull  «u.  nniiuuaii  "t̂ -. 
limited  in  this  invention,  the  hammock  material 
252  is  preferably  a  fiberglass  cloth.  The  upper 
frame  242  is  constructed  of  longitudinal  struts  254 
and  256  connected  by  transverse  cross  beams  258 
and  260.  Bearing  blocks  262  positioned  on  mount- 
ing  plates  264  at  the  corners  of  the  rectangular 
frame  242  provide  rotational  support  at  the  ends 
of  shafts  266  and  268  of  the  hammock  stretching 

?  rolls  248  and  250  respectively.  The  supply  roll  244 
and  take-up  roll  246  are  suspended  from  the 
corners  of  the  rectangular  frame  242  by  vertical 
mounting  plates  270.  Bearing  blocks  272  are 
bolted  to  mounting  plates  274  on  plates  270  to 

5  provide  rotational  support  at  the  ends  of  shaft  276 
of  the  supply  rolls  244  and  shaft  278  of  the  take-up 
roll  246.  Rolls  244,  246,  248  and  250,  along  with 
carriage  guide  rails  238,  are  preferably  all  aligned 
parallel  to  each  other. 

o  One  end  of  each  stretching  roll  shafts  266  and 
268  extend  through  the  bearing  block  262  and  is 
fitted  with  releasable  ratchet  assemblies  280  and 
282  mounted  on  the  mounting  plate  264  to  restrict 
the  rotation  of  each  stretching  roll  248  and  250  to 

5  only  one  direction,  respectively.  One  end  of  shafts 
276  and  278  are  similarly  provided  with  ratchet 
assemblies  284  and  286,  respectively,  to  restrict 
rotation  of  the  supply  roll  244  and  take-up  roll  246. 
With  specific  reference  to  Figures  8  and  9,  in  order 

o  to  maintain  the  hammock  material  252  taut,  take- 
up  roll  246  and  support  roll  250  are  biased  in  a 
clockwise  direction,  while  supply  roll  244  and 
support  roll  248  are  biased  in  a  counterclockwise 
direction  to  stretch  and  tension  the  material  252. 

(5  The  respective  ratchet  assemblies  prevent  each 
roll  from  rotating  in  a  direction  to  relieve  the 
tension.  If  required,  surface  290  of  the  support 
rolls  248  and  250  can  be  roughened  or  coated 
with  a  gritty  material  to  help  grip  and  stretch  the 

to  hammock  material  252.  In  the  preferred  operation 
of  the  apparatus,  the  hammock  material  252  is 
stretched  to  make  the  glass  supporting  portion 
288  as  flat  as  possible  for  reasons  to  be  discussed 
later. 

f5  Rail  guides  292  are  mounted  on  the  underside 
of  struts  254  and  256  to  slidably  engage  the  rails 
238  so  that  any  longitudinal  movement  of  the 
hammock  support  assembly  220  will  be  in  the 
direction  of  the  rails  238. 

50  The  carriage  slide  assembly  222  as  shown  in 
Figures  8  and  10  slidably  moves  the  hammock 
support  assembly  220  over  the  stationary  guide 
rail  and  carriage  support  assembly  218.  The  slide 
assembly  222  is  connected  to  cross  beam  258  of 

55  the  hammock  support  assembly  220  by  angle 
member  294  which  is  secured  to  slide  block 
assembly  296  via  bent  plate  298.  With  specific 
reference  to  Figure  10,  the  slide  block  assembly 
296  includes  an  upper  plate  300  secured  to  the 

60  bent  plate  298  and  a  lower  plate  302  fixed  to  the 
lower  support  platform  40  through  shims  304. 
Sliding  surface  306  of  the  lower  plate  302  includes 
longitudinally  extending  interlocking  grooves  308 
which  mate  with  the  contours  of  sliding  surface 

65  310  of  the  upper  plate  300  to  prevent  the  plates 

/ 
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.  from  vertically  separating  while  allowing  them  to 
slide  relative  to  each  other.  A  cavity  312  is 
positioned  between  plates  300  and  302,  extending 
in  the  sliding  direction  of  the  upper  plate  300. 
Threaded  nut  314  is  fixed  within  upper  surface  of 
the  cavity  312  to  the  upper  plate  300  and  spaced 
from  the  lower  surface  of  the  cavity  312  at  lower 
plate  302.  A  threaded  shaft  316  extending  from  a 
drive  318,  which  is  fixed  to  the  lower  plate  302  or 
the  platform  40,  passes  through  and  engages  the 
nut  314  so  that  as  the  threaded  shaft  316  rotates 
within  the  threaded  nut  314,  the  upper  plate  300 
slides  in  a  linear  direction  relative  to  the  lower 
plate  302  as  indicated  by  arrow  320. 

It  should  be  noted  that  while  the  present  inven- 
tion  employs  a  sliding  arrangement  that  moves 
the  glass  sheet  positioning  frame  212  in  a  longi- 
tudinal  direction,  an  arrangement  that  would  also 
provide  lateral  adjustment  and  rotational  adjust- 
ment  about  a  vertical  axis  could  be  used  and  in 
light  of  the  present  disclosure  such  an  arrange- 
ment  would  be  obvious  to  one  skilled  in  the  art. 

With  reference  to  Figure  11,  the  vision  sighting 
setup  214  of  the  vision  sensor  positioning  system 
66  is  employed  to  physically  locate  a  glass  sheet 
that  is  on  the  hammock  support  assembly  220 
and  control  the  carriage  slide  assembly  222  to 
move  the  hammock  supported  glass  sheet  to  a 
predetermined  position  between  the  pressing 
molds  in  the  shaping  station  24.  The  setup  214 
includes  a  solid  state  video  camera  322  linked  to  a 
vision  syste.m  programmable  computer  and  con- 
troller  324.  The  camera  322  is  positioned  such  that 
it  can  view  a  generally  transversely  extending 
edge  of  a  glass  sheet  deposited  on  the  hammock 
support  assembly  220.  The  camera  322  has  a 
preferred  array  of  approximately  250  by  250 
picture  elements  or  pixels.  Each  pixel  is  one  point 
in  the  viewing  array  and  is  viewed  as  either  a 
black  or  a  white  image.  In  the  preferred  embodi- 
ment,  the  leading  edge  of  the  glass  sheet  G  to  be 
shaped  is  illuminated  such  that  the  pixels  covered 
by  the  glass  sheet  are  viewed  as  black  while  the 
uncovered  pixels  are  viewed  as  white.  In  an 
alternate  embodiment,  the  camera  322  can  be 
used  to  locate  the  glass  sheet  by  detecting  infra- 
red  radiation  radiating  from  the  heated  glass 
sheet. 

In  operation,  a  home  position  representing  the 
proper  location  for  a  reference  point  on  the  glass 
edge  is  established  in  the  pixel  array.  As  each 
successive  glass  sheet  is  deposited  on  the 
hammock  material  252  and  the  vacuum  shuttle 
frame  62  moves  out  of  the  camera  322  viewing 
area  and  back  into  the  furnace  20,  the  camera  322 
takes  an  instantaneous  picture  of  the  glass  edge 
showing  the  location  of  the  reference  point.  This 
information  is  sent  to  the  programmable  com- 
puter  and  controller  324  which  compares  the 
actual  position  of  the  reference  point  to  the  home 
position  and  calculates  the  distance  the  glass 
sheet  must  be  moved  in  the  sliding  direction  of 
the  hammock  support  assembly  220  to  be 
properly  aligned.  The  computer  and  controller 
324  then  sends  a  signal  through  a  signal  amplifier 

326  to  the  drive  318  which  moves  the  upper  plate 
300  of  the  carriage  drive  assembly  222  forward  or 
backward  to  properly  position  the  glass  sheet. 
The  viewing  of  the  glass  sheet  G  and  movement 

5  of  the  hammock  support  assembly  220  occurs 
before  or  while  the  upper  and  lower  molds  are 
moving  towards  one  another,  depending  on  the 
amount  of  movement  required  to  align  the  glass 
sheet  G,  and  is  completed  prior  to  the  actual 

10  pressing  operation.  After  the  shaped  glass  sheet 
is  lifted  off  the  hammock  252  by  the  upper 
vacuum  hold  36,  the  carriage  slide  assembly  222 
slides  back  to  its  original  position  and  the  vision 
sensor  positioning  system  66  is  reset  for  the  next 

15  glass  sheet. 
In  the  preferred  operation  of  the  positioning 

system  66,  the  viewing  area  of  the  camera  322  is 
limited  to  a  3.81  cm  by  0.64  cm  {M"  by  i") 
longitudinally  extending  viewing  window  328  as 

20  shown  in  Figure  12.  In  addition,  three  reference 
points  A,  B,  and  C  are  viewed  by  the  camera  322 
to  position  the  glass  sheet.  After  the  camera  322 
takes  a  picture  of  the  glass  sheet  edge,  the  pixel 
positions  for  each  point  is  located  and  these 

25  positions  are  averaged.  This  average  position  is 
compared  to  the  predetermined  home  position  to 
determine  the  amount  of  sliding  movement 
required  by  the  carriage  slide  assembly  222. 
Referring  to  Figures  11  and  12,  reference  outline 

30  330  with  leading  edge  332  illustrates  the  predeter- 
mined  home  position,  with  a  glass  sheet  334 
located  slightly  upstream  and  the  glass  sheet  336 
slightly  downstream  from  the  home  position.  In 
the  case  of  the  upstream  glass  sheet  334,  after  the 

35  average  position  of  points  A,  B  and  C  is  deter- 
mined,  the  hammock  support  assembly  220  is 
moved  downstream  in  the  direction  indicated  by 
arrow  338  so  that  leading  edge  340  is  superim- 
posed  over  the  leading  edge  332  of  the  reference 

40  outline  330.  In  the  case  of  downstream  glass 
sheet  336,  the  hammock  support  assembly  220 
moves  upstream  in  the  direction  indicated  by 
arrow  342  so  that  leading  edge  344  is  superim- 
posed  over  the  leading  edge  332. 

45  In  the  preferred  embodiment  of  the  invention, 
the  motor  318  (see  Figure  10)  is  a  stepper  motor 
so  that  the  programmable  computer  and  con- 
troller  324  must  determine  the  correct  number  of 
rotating  steps  to  properly  position  the  glass  sheet 

so  G  between  the  molds  in  the  pressing  station  24. 
The  positioning  accuracy  of  the  vision  sensor 
position  system  66  is  ±0.025  cm  (±0.010  inches). 

It  is  contemplated  that  the  shuttling  vacuum 
platen  pickup  64  can  operate  with  or  without  the 

55  vision  sensor  positioning  system  66.  When  the 
system  66  is  not  employed,  the  pickup  64  deposits 
the  heat  softened  glass  sheets  directly  on  the 
lower  mold  34  or  on  a  stationary  glass  support 
assembly  similar  to  the  hammock  support 

so  assembly  220  of  the  positioning  212  but  without 
the  carriage  slide  assembly  222. 

It  should  be  noted  that  in  practicing  this  inven- 
tion,  successive  contact  with  and  support  of  the 
hot  glass  sheets  generally  weaken  the  hammock 

65  material  252.  In  addition,  the  material  becomes 
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discolored  and  this  discoloration  can  effect  the 
vision  sighting  positioning  system  66  by  causing 
camera  322  to  misidentify  the  edge  of  the  glass 
sheet  G.  To  overcome  these  problems,  the 
hammock  material  252  is  periodically  advanced 
by  unlocking  the  racket  assemblies  280,  282,  284, 
and  286,  indexing  the  supply  roll  244  and  take  up 
roll  246,  re-engaging  the  rackets  and  stretching 
the  material  252  taut.  Rather  than  manually 
advancing  the  hammock  material  252,  it  is  readily 
apparent  to  one  skilled  in  the  art  that  a  simple 
hammock  roll  advancing  system  (not  shown)  can 
be  used  to  automatically  index  the  rolls  244,  246, 
248  and  250. 

The  sheet  transfer  means  28  at  the  cooling 
station  22  includes  a  ring-like  member  346  similar 
to  that  in  US—  A—  4,285,715,  whose  teachings  are 
hereby  incorporated  by  reference,  and  is  shown 
in  Figures  1  and  2.  The  ring-like  member  346 
includes  a  support  rail  348  that  is  disposed 
edgewise  with  its  edge  forming  the  supporting 
surface  of  the  member  346.  The  rail  348  follows 
the  contours  of  the  shaped  glass  sheet  and  is 
spaced  slightly  inboard  of  the  glass  sheet  perime- 
ter.  The  glass  sheet  supporting  surface  of  the  rail 
348  is  preferably  a  nonmetallic  material  that  can 
support  the  hot  glass  sheet  without  leaving  a 
mark  on  the  glass  sheet  surface  or  cause  venting. 
The  ring-like  member  346  is  supported  by  a 
reinforcing  frame  350  and  connected  to  a  carriage 
352  by  strut  members  354.  The  carriage  352 
moves  the  member  346  from  an  upstream  posi- 
tion  wherein  the  member  346  is  positioned  in  a 
shaping  station  24  beneath  the  upper  vacuum 
mold  36  to  a  downstream  position  wherein  the 
member  346  is  positioned  between  quenching 
nozzles  in  the  cooling  station  22. 

The  cooling  station  22,  which  is  similar  to  that 
taught  in  US  —  A  —  4,285,715,  includes  longi- 
tudinally  spaced  transverse  rows  of  spaced  pipe 
nozzles  356  extending  downward  from  an  upper 
plenum  358  as  shown  in  Figures  1  and  2.  In 
opposing  position  to  nozzles  356  are  longi- 
tudinally  spaced  transversely  extending  low  bar 
type  nozzles  housings  360  on  lower  plenum  362. 
The  bar  type  nozzle  housings  360  are  spaced 
vertically  below  the  upper  pipe  nozzles  356  to 
provide  clearance  for  moving  the  ring-like 
member  346  along  a  path  therebetween.  The 
lower  ends  of  the  rows  of  the  pipe  nozzles  356  are 
located  along  a  curved  surface  complimentary  to 
the  curved  shape  of  the  upper  smooth  surfaces  of 
the  bar-type  housings  360  and  are  vertically 
spaced  above  the  housing  360  to  provide  a  curved 
clearance  space  between  conforming  to  the  trans- 
verse  shape  of  the  glass  sheet  conveyed  there- 
between.  If  desired,  the  plenums  358  and  362  can 
be  sectionalized  along  the  length  of  the  cooling 
station  22  to  provide  different  air  pressures  in  the 
various  sections  of  the  upper  plenum  and  of  the 
lower  plenum,  and  to  provide  a  program  of  air 
blasts  along  the  length  of  the  cooling  station  22. 

In  the  preferred  embodiment  of  the  invention, 
the  operating  sequence  is  controlled  by  a  Mod- 
icon  Programmable  Controller.  A  G.  E.  Pro- 

grammable  Controller  is  linked  to  the  Modicon  to 
control  the  glass  sheet  alignment  sequence.  In 
operation,  a  glass  sheet  G  is  conveyed  through 
the  furnace  20  over  the  conveying  rolls  30  and 

5  heated  to  its  heat  softening  temperature.  In  the 
preferred  embodiment  the  glass  sheet  G  is  heated 
to  approximately  ±649°C  (1200°F)  depending  on 
the  difficulty  of  the  bend.  The  glass  sheet  G 
activates  the  sensing  element  32  and  initiates  the 

w  shaping  sequence.  In  the  preferred  embodiment, 
the  sensing  element  32  is  an  optical  sensor  that 
starts  the  shaping  sequence  when  the  trailing 
edge  of  the  glass  sheet  G  passes  the  sensor  by 
activating  a  timer  and  counter.  The  counter 

is  monitors  the  revolution  of  conveying  rolls  trans- 
ferring  the  glass  sheet  G  to  establish  its  linear 
position  in  the  conveying  direction.  The  glass 
sheet  G  enters  a  high  speed  conveyor  roll  comple- 
ment  364  to  position  the  heat  softened  glass  sheet 

20  G  beneath  the  vacuum  platen  pickup  64  on  the 
shuttle  frame  62  which  is  in  its  park  position  at  the 
exit  end  of  the  furnace  20.  The  platen  pickup  64  is 
in  a  raised  position  with  its  lower  apertured  wall 
104  approximately  1.27  cm  to  1.91  cm  (1/2  inch  to 

25  3/4  inches)  above  the  upper  surface  of  the  glass 
sheet  G.  The  high  speed  conveyor  roll  comple- 
ment  364  includes  a  "creep"  or  slow  speed 
conveying  mode  controlled  by  the  timer,  acti- 
vated  by  the  sensor  32,  to  decelerate  the  glass 

30  sheet  G  and  move  it  into  position  below  the  raised 
platen  64  at  a  slow  speed.  As  the  glass  sheet  G 
approaches  the  pickup  point,  the  timer  opens  a 
vacuum  valve  (not  shown)  so  that  vacuum  is 
drawn  through  the  platen  pickup  64  and  to  ensure 

35  that  the  desired  vacuum  is  at  full  operating  levels 
prior  to  engagement  of  the  glass  sheet  G  by  the 
pickup  64.  When  the  glass  sheet  G  is  at  a  predeter- 
mined  location  as  set  by  the  counter,  the 
hydraulic  circuit  is  activated  and  rotates  the  cams 

40  140  to  drop  the  free  hanging  frame  102  support- 
ing  the  pickup  64  to  a  lowered  position,  which  is 
preferably  a  minimum  of  0.24  cm  (3/32  inches) 
above  the  upper  surface  of  the  glass  sheet  G.  The 
initial  vacuum  level  is  set  at  a  level  that  will  not  lift 

45  the  glass  sheet  G  when  the  pickup  64  is  in  a  raised 
position,  but  will  lift  the  glass  sheet  G  when  the 
pickup  64  is  in  a  lowered  position.  Depending  on 
the  configuration  and  thickness  of  the  glass  sheet 
G,  the  required  vacuum  level  varies  from  approxi- 

50  mately  373  to  501  Pa  (3.81  cm  to  5.08  cm  of 
water).  The  glass  sheet  G  is  lifted  by  suction  into 
contact  with  the  platen  pickup  64.  The  lifting 
action  of  the  platen  64  is  almost  instantaneous 
and  although  the  preferred  embodiment  employs 

55  a  creep  mode  prior  to  lifting,  it  is  believed  that  the 
vacuum  platen  pick  64  could  accurately  lift  a  fieat 
softened  glass  sheet  directly  from  a  high  speed 
roll  complement. 

After  the  glass  sheet  G  is  lifted  and  engaged  by 
60  the  pickup  64,  the  shuttle  frame  62  is  moved  into 

the  shaping  station  64  via  the  drive  racks  76  and 
78,  drive  sprockets  80  and  82,  and  motor  86.  As 
the  shuttle  frame  62  moves  towards  the  unload 
position  at  the  shaping  station  24,  the  hydraulic 

65  circuit  simultaneously  rotates  the  cams  140  back 
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towards  their  original  position,  lifting  the  free 
hanging  frame  102,  platen  pickup  64  and  the  glass 
sheet  G  as  they  exit  the  furnace  20  to  provide 
additional  clearance  between  the  glass  sheet  G 
and  the  conveyor  rolls  364.  If  required,  the 
/acuum  in  the  platen  pickup  64  is  reduced  during 
shuttling  to  the  minimum  level  required  to  hold 
the  glass  sheet  G.  This  throttling  back  of  the 
vacuum  helps  eliminate  any  marking  to  the  glass 
surface  that  may  result  from  the  vacuum  suction. 

The  counter  88  on  drive  shaft  84  is  a  multifunc- 
tion  counter  and  establishes  the  deceleration  and 
positioning  of  the  shuttle  frame  62  as  it  moves 
from  the  furnace  20  to  the  shaping  station  24  and 
vice  versa.  As  the  counter  88  reaches  the  pre- 
determined  deceleration  and  stop  count,  it  signals 
the  Modicon  to  slow  the  platen  pickup  64  with  the 
adhered  glass  sheet  G  and  stop  it,  respectively. 

When  the  shuttle  frame  62  is  at  the  predeter- 
mined  position  between  the  lower  mold  34  and 
upper  vacuum  mold  36,  the  counter  88  starts  a 
vacuum  cutoff  timer.  When  the  vacuum  cutoff 
timer  times  out,  the  vacuum  is  released,  and  the 
glass  sheet  G  is  deposited  on  the  fiberglass  cloth 
252  of  the  hammock  support  assembly  220.  After 
a  short  delay  to  ensure  that  the  glass  sheet  G  has 
dropped,  the  shuttle  frame  62  reverses  direction 
and  travels  back  into  the  furnace  20  to  its  parked 
position. 

The  glass  sheet  G  on  the  hammock  support 
assembly  220  tends  to  conform  to  the  sag  of  the 
fiberglass  cloth  252.  The  sagging  of  the  glass 
sheet  G  should  be  kept  to  a  minimum  in  order  to 
prevent  the  glass  sheet  G  from  sagging  into  the 
lower  mold  34  before  the  vision  sensor  position- 
ing  system  66  can  reposition  it  prior  to  pressing. 
To  minimize  sag,  the  fiberglass  cloth  252,  is 
tightly  stretched  between  rolls  248  and  250. 

As  the  shuttle  frame  62  moves  back  to  the 
furnace  20,  the  camera  322  "takes  a  picture"  of 
the  leading  edge  of  the  hot  glass  sheet  G.  If  the 
edge  is  not  at  the  predetermined  home  position 
on  the  fiberglass  cloth  252,  the  programmable 
controller  324  linked  to  the  camera  322  activates 
the  motor  318  of  the  carriage  slide  assembly  222 
to  move  the  upper  plate  300  over  the  lower  plate 
302  and  longitudinally  slide  hammock  support 
assembly  220  as  previously  discussed,  so  that  the 
glass  sheet  G  is  directly  positioned  between  the 
pressing  molds.  Simultaneously  with  the  sliding 
action,  the  lower  mold  34  and  the  upper  vacuum 
mold  36  rapidly  accelerate  towards  one  another 
with  the  supported  glass  sheet  G  therebetween. 
Hydraulicajly  controlled  deceleration  ramps  are 
used  to  slow  down  the  movement  of  the  molds 
prior  to  final  pressing  to  provide  more  control 
during  the  critical  pressing  action.  It  should  be 
noted  that  the  hammock  support  assembly  220 
moves  vertically  along  with  the  lower  mold  34 
and  that  the  upper  mold  36  presses  down  through 
the  hammock  support  assembly  220  and  into  the 
lower  mold  34.  The  stretching  of  the  hammock 
material  252  as  the  upper  vacuum  mold  36 
presses  the  glass  sheet  G  down  into  the  lower 
mold  34  prematurely  wears  the  material  252, 

reducing  its  effective  service  life,  especially  in 
parts  with  sharp  corners.  To  reduce  this  wear,  the 
previously  discussed  hammock  rolls  advancing 
system  could  be  modified  to  untension  the 

5  hammock  material  252  to  coincide  with  the 
pressing  of  the  glass  sheet  G  between  the  molds 
34  and  36. 

During  pressing,  vacuum  is  supplied  to  the 
vacuum  chamber  of  the  upper  vacuum  mold  36  to 

io  hold  the  shaped  glass  sheet  G  against  the  aper- 
tured  lower  wall  50  so  that  the  glass  sheet  G  will 
remain  in  contact  with  the  lower  wall  50  when  the 
lower  mold  34  is  retracted.  After  a  mold  press 
timer  controlling  the  amount  of  time  the  molds  34 

is  and  36  press  the  glass  sheet  G  times  out,  the 
molds  retract  with  suction  still  being  applied  to 
hold  the  glass  sheet  G  against  the  upper  vacuum 
mold  36.  Shaping  station  24  is  now  ready  to 
receive  the  ring-like  member  346.  After  a  carriage 

20  delay  timer  activated  as  the  mold  press  timer 
times  out,  the  member  348  moves  upstream  from 
the  cooling  station  22  and  is  positioned  beneath 
the  upper  vacuum  mold  36.  When  the  member 
346  is  in  position,  the  vacuum  in  the  upper  mold 

25  36  is  released,  permitting  the  shaped  glass  sheet 
G  to  be  deposited  onto  the  member  346. 

The  glass  sheet  G  is  transferred  downstream  to 
the  cooling  station  22  where  it  is  quenched  to 
impart  at  least  a  partial  temper  in  the  shaped 

30  glass  sheet.  The  glass  sheet  G  is  then  transferred 
to  a  cooling  conveyor  (not  shown)  for  further 
cooling. 

The  movement  of  the  shuttle  frame  62,  the 
hammock  support  assembly  220,  the  molds  34 

35  and  36  and  the  ring-like  member  346  are  syn- 
chronized  so  that  there  is  no  interference  between 
their  respective  operations.  Ideally,  the  camera 
322  sights  the  edge  of  the  sheet  G  as  soon  as  the 
shuttle  frame  62  moves  out  of  its  line  of  sight  and 

40  the  alignment  of  the  sheet  G  immediately  follows. 
The  alignment  must  be  complete  before  the 
molds  34  and  36  make  pressing  contact  with  the 
sheet  G.  Furthermore  the  molds  34  and  36  can  be 
moving  prior  to  the  shuttle  frame  62  moving  out 

45  of  the  shaping  station  24  as  long  as  the  frame  62 
and  molds  34  and  36  do  not  interfere  with  each 
others  respective  movement.  Similarly  the 
member  346  can  start  to  move  from  the  cooling 
station  22  towards  the  shaping  station  24  before 

so  there  is  adequate  room  for  the  member  346 
between  the  molds  34  and  36  as  long  as  the 
molds  are  sufficiently  spaced  apart  when  the 
member  346  arrives.  Limit  switches  (not  shown) 
positioned  along  the  vertical  paths  of  the  molds 

55  34  and  36  and/or  the  horizontal  paths  of  the 
shuttle  frame  62  and  ring-like  member  346  can  be 
used  to  ensure  that  the  operation  sequence  pro- 
ceeds  without  interference. 

The  heating  and  shaping  apparatus  provides  a 
eo  method  of  transferring  glass  sheet  G  from  a 

furnace  20  to  a  shaping  station  24  with  full  face 
upper  and  lower  molds.  The  molds  provide  full 
surface  contact  between  the  glass  sheets  and  the 
shaping  surfaces  to  facilitate  the  complex  shaping 

65  of  heat  softened  glass  sheets  that  is  not  possible 

10 



19 EP  0  229  337  B1 zo 

when  using  drop  forming,  deformable  molds,  or 
segmented  lower  lifting  mold  techniques.  The 
combination  of  the  shuttling  vacuum  platen  pic- 
kup  64  with  the  vision  sensor  positioning  system 
66  provide  the  retrieval/positioning  system  26  5 
with  a  method  of  rapidly  moving  glass  sheets  and 
accurately  positioning  the  sheets  between  the 
upper  and  lower  molds  so  as  to  correct  for  all 
upstream  linear  positioning  variations.  Without 
the  present  invention,  glass  sheets  conveying  10 
rates  must  be  reduced  prior  to  each  transfer 
operation  to  ensure  proper  glass  sheet  position- 
ing  after  the  transfer.  With  the  present  invention, 
transfer  accuracy  is  sacrificed  for  conveying 
speed.  At  the  final  transfer  from  the  furnace  20  to  15 
the  shaping  station  24,  the  present  invention 
detects  and  determines  the  cumulative  linear 
misalignment  immediately  prior  to  final  pressing 
and  corrects  it.  This  capability  adds  to  the 
throughput  of  a  glass  sheet  bending  process  by  20 
allowing  glass  sheets  to  be  conveyed  and  trans- 
ferred  at  higher  rates.  These  faster  conveying 
rates  may  add  to  the  cumulative  linear  misalign- 
ment  but  the  present  system  corrects  all  the  linear 
misalignment  in  one  step.  The  final  realignment  25 
takes  less  time  than  the  total  conveying  and 
transfer  time  saved  by  increasing  the  conveying 
rate. 

List  of  reference  numbers  30 
20  furnace 
22  cooling  station 
24  shaping  station 
26  retrieval/positioning  system 
28  transfer  means  35 
30  conveyor  rolls 
32  sensing  element 
34  lower  mold 
36  upper  mold 
38  upper  pressing  face  40 
40  platform 
42  piston 
44  lower  frame 
46  guide  rods 
48  mounting  plate  45 
50  lower  press  face 
52  evacuation  pipe 
54  vertical  guide  rods 
56  supporting  frame 
58  vertical  piston  so 
60  refractory  material 
62  shuttle  frame 
64  vacuum  platen  pick-up 
66  positioning  system 
68/70  support  beams  55 
72/74  cross  braces 
76/78  drive  racks 
80/72  drive  sprockets 
84  drive  shaft 
86  motor  eo 
88  counter 
90  front  guide 
92  rear  guide 
94  guide  shaft 
96  front  roller  65 

98  rear  roller 
100  guide  track 
102  hanging  frame 
104  apertured  wall 
106  side  walls 
108  perimeter  ledge 
110  lid 
112  seat  of  side  walls 
114  chamber 
116  face  of  lower  wall 
118  surface  material 
120  passage  ways 
122  connecting  arm 
124  opening 
126  neck  section 
128  resistant  material 
130/132  vacuum  hook-ups 
134  rectangular  frame 
136/138  support  angles 
140  lifting 
142/144  leg  portions 
146  angle 
148  leg  portion 
150  bolt  assembly 
152  hole 
154  hole 
156  bolt 
158  nut 
160  leg  portion 
162  leg  portion 
164  vertical  leg 
166  support  angles 
168/170  cam  shaft 
172  blocks 
174  alignment  pin 
176  hole 
178/180  cam  pair 
182  linkage 
184  horizontal  rod 
186/188  joints 
190/192  rotating  arms 
194  extension 
196  rotating  arm 
200  link  arm 
202  hydraulic  cylinder 
204/206  arrow 
208/210  arrow 
212  positioning  frame 
214  set-up 
216  carriage 
218  support  assembly 
220  support  assembly 
222  slide  assembly 
224  cross  beam 
226  corner  posts 
228  pillow  block 
230  pedestal 
232  finger  members 
234  screw 
236  aperture 
238  guide  rail 
240  arrow 
242  rectangular  frame 
244  supply  roll 
246  take-up  roll 
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248/250  stretching  rolls 
252  hammock  material 
254/256  longitudinal  struts 
258/260  cross  beams 
262  bearing  blocks  5 
264  mounting  plate 
266/268  shafts 
270  mounting  plate 
272  bearing  block 
274  mounting  plate  10 
276/278  shaft 
280/282  ratchet  assembly 
284/286  ratchet  assembly 
288  supporting  portion  of  glass 
290  surface  15 
292  rail  guides 
294  angle  member 
296  block  assembly 
298  bent  plate 
300  upper  plate  20 
302  lower  plate 
304  shims 
306  sliding  surface 
308  interlocking  grooves 
310  sliding  surface  25 
312  cavity 
314  threaded  shaft 
318  drive 
320  arrow 
322  camera  30 
324  controller 
326  signal  amplifier 
328  window 
330  outline 
332  leading  edge  35 
334  glass  sheet 
336  glass  sheet 
340  leading  edge 
342  arrow 
344  leading  edge  40 
346  ring-like  member 
348  rail 
350  reinforcing  frame 
352  carriage 
354  strut  members  45 
356  pipe  nozzles 
358  upper  plenum 
360  nozzle  houses,  bar  type  housing 
362  plenum 

50 
Claims 

1.  A  glass  sheet  positioning  apparatus  (66) 
comprising  means  to  support  a  glass  sheet  (330) 
in  a  shaping  station  (24),  a  vision  sighting  set  up  55 
(214)  including  means  indicating  the  location  of 
said  sheet  and  a  programmable  computer  and 
controller  (324)  and  an  amplifier  (326),  means 
acting  on  moving  means  to  move  said  sheet  from 
a  given  to  a  predetermined  position,  charac-  60 
terized  in  that  the.  support  means  comprises  a 
sheet  positioning  frame  (21  2)  with  a  carriage  (21  6) 
including  a  stationary  guide  rail  and  carriage 
support  assembly  (218),  a  hammock  support 
assembly  (220)  on  which  the  glass  sheet  is  65 

located  and  which  slides  relative  to  the  guide  and 
rail  carriage  support  assembly  (218),  a  carriage 
slide  assembly  (222)  connected  with  said 
hammock  support  assembly  (220)  slidably  moves 
the  hammock  support  assembly  (220)  over  the 
stationary  guide  rail  and  carriage  support 
assembly  (218),  means  to  move  said  frame  (212) 
in  a  plane  between  said  molds  (34,  36),  and  said 
vision  sighting  set  up  (214)  includes  a  video 
camera  (322)  linked  to  the  computer  and  con- 
troller  (324),  said  video  camera  (322)  is  positioned 
such  it  can  view  a  generally  transversely  extend- 
ing  edge  of  the  glass  sheet  deposited  on  the 
hammock  support  assembly  (220). 

2.  The  apparatus  of  claim  1,  wherein  the 
hammock  support  assembly  (220)  includes  an 
upper  rectangular  upper  frame  (242)  to  support  a 
hammock  supply  roll  (244),  a  hammock  take-up 
roll  (246),  a  pair  of  hammock  support  and  stretch- 
ing  rolls  (248,  250),  and  a  heat  resistant  cloth  (252) 
extending  in  a  generally  horizontal  planar  direc- 
tion  across  the  frame  (212). 

3.  The  apparatus  of  claim  2,  wherein  the 
hammock  material  (252)  is  stretched  from  the 
supply  roll  (244)  over  the  stretching  rolls  (248, 
250)  to  the  take-up  roll  (246)  so  as  to  reduce  the 
sag  of  said  sheet  supported  thereon. 

4.  The  apparatus  of  claims  2  or  3,  wherein  the 
cloth  supply  roll  (244)  is  positioned  along  one 
edge  of  said  rectangular  frame  (242)  with  a  first 
releasable  ratchet  assembly  (284)  mounted 
thereon  to  limit  rotation  of  said  supply  roll  (244)  in 
a  first  direction  when  said  first  ratchet  (284)  is 
engaged  and  the  cloth  take-up  roll  (246)  mounted 
along  an  opposing  edge  of  said  frame  (242)  with  a 
second  releasable  ratchet  assembly  (286)  to  limit 
rotation  of  said  take-up  roll  (246)  in  a  second 
direction  when  said  second  ratchet  (286)  is 
engaged,  such  that  said  heat  resistant  cloth  (252) 
is  extended  from  said  take-up  rolls  (244,  246)  are 
rotated  so  as  to  stretch  said  cloth  (2'52)  taut,  said 
ratchets  (284,  286)  preventing  the  rotation  of  said 
roils  (244,  246)  in  a  direction  that  would  unstretch 
said  cloth  (252). 

5.  The  apparatus  of  claim  4,  wherein  further 
including  a  third  releasable  ratchet  assembly 
(280)  on  said  first  support  roll  (248)  to  limit 
rotation  of  said  first  support  roll  (248)  in  a  third 
direction  and  a  fourth  releasable  ratchet  assembly 
(282)  to  limit  the  rotation  of  said  second  support 
roll  (250)  to  a  fourth  direction  wherein  said  third 
and  fourth  ratchet  assemblies  (280,  282)  prevent 
rotation  of  said  support  rolls  (248,  250)  in  a 
direction  that  would  unstretch  said  cloth  (252). 

6.  The  apparatus  of  claim  5,  wherein  said  first 
and  third  rotating  directions  are  the  same  direc- 
tion  and  opposite  directions  are  the  same  direc- 
tion  and  opposite  said  second  and  fourth  rotating 
directions. 

7.  The  apparatus  of  claims  4  and  5,  wherein 
means  are  provided  to  automatically  engage  and 
disengage  said  ratchet  assemblies  (280,  282,  284, 
286)  and  means  to  automatically  rotate  said 
supply,  support,  and  take-up  rolls  (244,  246,  248, 
250)  to  advance  said  cloth  (252)  from  said  supply 
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oil  (244)  to  said  take-up  roll  (246)  when  said 
atchets  (280,  282)  are  disengaged  to  stretch  said 
:loth  (252)  between  said  stretching  rolls  (248,  250) 
ind  when  the  ratchets  (284,  286)  are  engaged. 

8.  The  apparatus  as  in  claim  2,  wherein  said 
leat  resistant  cloth  (252)  is  a  fiberglass  cloth. 

9.  The  apparatus  of  claim  1,  wherein  the 
:arriage  slide  assembly  (222)  includes  an  upper 
jlate  (300)  which  is  connected  to  crossbeam  (258) 
Df  the  frame  (242)  of  the  hammock  support 
assembly  (220)  and  which  is  with  its  sliding 
surface  (310)  slidably  supported  on  the  sliding 
surface  (206)  of  a  lower  plate  (302)  fixed  to  a  lower 
support  platform  (40)  of  the  shaping  station  (24), 
and  means  (314,  316,  318)  to  slide  the  upper  plate 
300)  relative  to  the  lower  plate  (302)  so  as  to  slide 
said  frame  (242)  relative  to  said  support  platform 
:40). 

10.  A  method  of  positioning  a  glass  sheet  at  a 
Dredetermined  set  point  in  a  shaping  station  (24) 
3y  physically  locating  the  glass  sheet  on  its 
support  with  a  vision  sighting  set-up  (214)  send- 
ng  an  information  to  a  programmable  computer 
and  controller  (324)  which  compares  the  actual 
position  of  a  reference  point  to  a  home  position 
and  calculates  the  distance  the  glass  sheet  must 
be  moved  in  sliding  direction  to  be  properly 
aligned  and  the  computer  and  controller  (324) 
sends  a  signal  through  a  signal  amplifier  (325)  to 
a  drive  (318)  which  moves  the  support  assembly 
of  the  glass  sheet,  characterized  by  transferring 
the  glass  sheet  from  conveyor  means  onto  a 
hammock  support  assembly  (220)  positioned  in 
the  shaping  station  (24)  and  using  a  video  camera 
(322)  viewing  at  least  one  reference  point  on  a 
portion  of  a  transversely  extending  edge  of  the 
glass  sheet  deposited  on  said  hammock  support 
assembly  (220)  comparing  the  actual  position  of 
said  reference  point  with  a  home  position 
representing  proper  location  of  said  reference 
point  which  is  established  in  a  pixel  array  of  said 
camera  (322),  and  moving  the  hammock  support 
assembly  (220)  the  distance  in  sliding  direction 
forward  or  backward  that  the  edge  of  said  glass 
sheet  is  properly  aligned  with  the  home  position 
of  this  reference  point. 

11.  The  method  of  claim  10,  wherein  a  plurality 
of  reference  points  are  viewed  by  the  camera 
(322)  and  the  pixel  positions  for  each  point  are 
located  and  these  positions  are  averaged  and  the 
average  position  is  compared  to  the  predeter- 
mined  home  position. 

12.  The  method  of  claim  10,  wherein  the 
hammock  cloth  (252)  of  the  hammock  support 
assembly  (220)  is  periodically  replaced  as  said 
cloth  wears. 

Patentanspruche 

1.  Vorrichtung  (66)  zum  Ausrichten  von  Glas- 
scheiben  mit  Einrichtungen  zum  Tragen  einer 
Glasscheibe  (330)  in  einer  Formgebungsstation 
(24),  einem  Biiderkennungssystem  (214)  mit  Ein- 
richtungen  zum  Anzeigen  der  Stellung  der 
Scheibe  und  einem  programmierbaren  Rechner 

und  Steuergerat  (324)  und  einem  verstarKer  i^b), 
Einrichtungen,  die  auf  Transporteinrichtungen 
zum  Bewegen  der  Scheibe  aus  einer  gegebenen 
in  eine  vorgewahlte  Stellung  einwirken,  dadurch 

5  gekennzeichnet,  daB  die  Trageinrichtungen 
enthalten  einen  Ausrichtrahmen  (212)  fur  Schei- 
ben  mit  einem  Wagen  (216),  mit  einer  festen 
Fiihrungsschiene  und  eine  Wagentragvorrichtung 
(218),  eine  Mattentragvorrichtung  (220),  auf  der 

ro  die  Glasscheibe  angeordnet  ist  und  die  sich  rela- 
tiv  zur  Schiene  und  der  Leit-  und  Wagentragvor- 
richtung  (218)  verscriiebt,  eine  Vorrichtung  (222) 
zum  Verschieben  des  Wagens,  verbunden  mit  der 
Mattentragvorrichtung  (220),  mittels  der  die  Matt- 

15  entragvorrichtung  (220)  iiber  der  festen  Fiih- 
rungsschiene  und  der  Wagentragvorrichtung 
(218)  sich  gleitend  bewegt,  Einrichtungen  zum 
Bewegen  des  Rahmens  (212)  in  einer  Ebene 
zwischen  den  Formen  (34,  36),  und  das  Bilderken- 

?o  nungssystem  (214)  eine  in  Verbindung  mit  dem 
Rechner  und  Steuergerat  (324)  stehende  Videoka- 
mera  (322)  aufweist,  wobei  die  Videokamera  (322) 
so  angeordnet  ist,  dalS  sie  eine  sich  im  allgemei- 
nen  quer  erstreckende  Kante  der  auf  der  Mattent- 

25  ragvorrichtung  (220)  liegenden  Glasscheibe 
beobachten  kann. 

2.  Vorrichtung  nach  Anspruch  1,  dadurch 
gekennzeichnet,  dalS  die  Mattentragvorrichtung 
(220)  einen  oberen,  rechteckigen  Oberrahmen 

so  (242)  zum  Tragen  einer  Mattenzufuhrwalze  (244), 
eine  Mattenabnahmewalze  (246),  ein  Paar  von 
Mattentrag-  und  Streckwalzen  (248,  250)  und  ein 
hitzebestandiges  Gewebe  (252),  das  sich  in  einer 
im  allgemeinen  horizontalen,  ebenen  Richtung 

35  iiber  den  Rahmen  (212)  erstreckt,  aufweist. 
3.  Vorrichtung  nach  Anspruch  2,  dadurch 

gekennzeichnet,  dafc  das  Mattenmaterial  (252) 
von  der  Zufuhrwalze  (244)  iiber  die  Streckwalzen 
(248,  250)  bis  zur  Abnahmewalze  (246)  gespannt 

40  ist,  urn  das  Absacken  der  von  der  Matte  getrage- 
nen  Scheibe  zu  verringern. 

4.  Vorrichtung  nach  Anspriichen  2  oder  3, 
dadurch  gekennzeichnet,  daB  die  Gewebezufuhr- 
walze  (244)  entlang  einer  Kante  des  rechteckigen 

45  Rahmens  (242)  angeordnet  ist,  mit  einem  ersten, 
losbaren  Zahngesperre  (284),  urn  die  Drehung  der 
Zufuhrwalze  (244)  in  einer  ersten  Richtung  zu 
begrenzen,  wenn  das  erste  Zahngesperre  (284)  in 
Eingriff  steht,  und  die  entlang  der  gegeniiberlie- 

50  genden  Kante  des  Rahmens  (242)  angeordnete 
Gewebeabnahmewalze  (246)  mit  einem  zweiten, 
losbaren  Zahngesperre  (286)  versehen  ist,  urn  die 
Drehung  der  Abnahmewalze  (246)  in  eine  zweite 
Richtung  zu  begrenzen,  wenn  das  zweite  Zahnge- 

55  sperre  (286)  in  Eingriff  steht,  so  dalS  das  hitzebe- 
standige  Gewebe  (252)  von  den  sich  drehenden 
Abnahmewalzen  (244,  246)  gedehnt  und  straff 
gespannt  wird,  und  die  Zahngesperre  (284,  286) 
die  Drehung  der  Walzen  (244,  246)  in  eine  Rich- 

60  tung,  die  das  Gewebe  (252)  entspannen  wurde, 
verhindern. 

5.  Vorrichtung  nach  Anspruch  4,  dadurch 
gekennzeichnet,  daB  noch  ein  drittes,  losbares 
Zahngesperre  (280)  an  der  ersten  Tragwalze  (248) 

65  vorhanden  ist,  um  die  Drehung  der  ersten  Trag- 
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walze  (248)  in  eine  dritte  Richtung  zu  begrenzen, 
und  noch  ein  viertes,  losbares  Zahngesperre  (282) 
vorhanden  ist,  um  die  Drehung  der  zweiten  Trag- 
walze  (250)  in  eine  vierte  Richtung  zu  begrenzen, 
wobei  die  dritten  und  vierten  Zahngesperre  (280, 
282)  eine  Drehung  der  Tragwalzen  (248,  250)  in 
eine  Richtung,  die  das  Gewebe  (252)  entspannen 
wiirde,  verhindern. 

6.  Vorrichtung  nach  Anspruch  5,  dadurch 
gekennzeichnet,  daft  die  ersten  und  dritten  Dreh- 
richtungen  gleich  sind  und  entgegengesetzte  Rich- 
tungen  gleich  und  entgegengesetzt  sind  zu  den 
zweiten  und  vierten  Drehrichtungen. 

7.  Vorrichtung  nach  Anspruchen  4  und  5, 
dadurch  gekennzeichnet,  daft  Einrichtungen  zum 
automatischen  Eingreifen  und  Losen  des  Eingriffs 
der  Zahngesperre  (280,  282,  284,  286)  vorhanden 
sind  und  Einrichtungen  zum  automatischen  Dre- 
hen  der  Zufuhr-,  Trag-  und  Abnahmewalzen  (244, 
246,  248,  250)  vorhanden  sind,  um  das  Gewebe 
(252)  von  der  Zufuhrwalze  (244)  zur  Abnahme- 
walze  (246)  zu  bewegen,  wenn  die  Zahngesperre 
(280,  282)  zum  Ausdehnen  des  Gewebes  (252) 
zwischen  den  Streckwalzen  (248,  250)  nicht  in 
Eingriff  und  die  Zahngesperre  (284,  286)  in  Eingriff 
sind. 

8.  Vorrichtung  nach  Anspruch  2,  dadurch 
gekennzeichnet,  daft  das  hitzebestandige  Gewebe 
(252)  ein  Glasfasergewebe  ist. 

9.  Vorrichtung  nach  Anspruch  1,  dadurch 
gekennzeichnet,  daft  die  Vorrichtung  (222)  zum 
Verschieben  des  Wagens  eine  obere  Platte  (300) 
aufweist,  die  mit  der  Quertraverse  (258)  des  Rah- 
mens  (242)  der  Mattentragvorrichtung  (220)  ver- 
bunden  ist  und  die  auf  ihrer  Gleitflache  (310) 
verschiebbar  auf  der  Gleitflache  (206)  einer  unte- 
ren  Platte  (302)  getragen  ist,  die  an  einer  unteren 
Tragplatte  (40)  der  Formgebungsstation  (24)  befe- 
stigt  ist,  und  Einrichtungen  (314,  316,  318)  vorhan- 
den  sind,  um  die  obere  Platte  (300)  relativ  zur 
unteren  Platte  (302)  zu  bewegen,  um  den  Rahmen 
(242)  relativ  zur  Tragplatte  (40)  zu  verschieben. 

10.  Verfahren  zum  Ausrichten  einer  Glasscheibe 
in  eine  vorbestimmte  Sollstellung  in  einer  Form- 
gebungsstation  (24)  durch  physikalisches  Feststel- 
len  der  Lage  der  Glasscheibe  auf  ihrem  Trager 
mittels  eines  Bilderkennungssystems  (214),  das 
eine  Information  an  einen  programmierbaren 
Rechner  und  ein  Steuergerat  (324)  gibt,  die  die 
aktuelle  Lage  eines  Bezugspunktes  mit  einer 
Grundstellung  vergleichen  und  die  Strecke 
berechnen,  die  die  Glasscheibe  in  Gleitrichtung 
bewegt  werden  muft,  um  korrekt  ausgerichtet  zu 
sein,  und  wobei  Rechner  und  Steuergerat  (324) 
Signale  durch  einen  Signalverstarker  (325)  zu 
einem  Antrieb  (318)  geben,  der  die  Trageinrich- 
tung  der  Glasscheibe  bewegt,  gekennzeichnet 
durch  iiberfuhren  der  Glasscheibe  von  Transport- 
einrichtungen  auf  eine  Mattentragvorrichtung 
(220)  in  einer  Formgebungsstation  (24)  und  Ver- 
wenden  einer  Videokamera  (322),  um  mindestens. 
einen  Bezugspunkt  auf  einem  sich  quer  erstrek- 
kenden  Kantenteil  der  auf  einer  Mattentragvor- 
richtung  (220)  angeordneten  Glasscheibe  zu  erfas- 
sen,  Vergleichen  der  aktuellen  Stellung  dieses 

Bezugspunktes  mit  einer  Grundstellung,  die  der 
korrekten  Lage  des  Bezugspunktes  in  einem  Pixel- 
muster  der  Kamera  (322)  entspricht,  Bewegen  der 
Mattentrageinrichtung  (220)  iiber  die  Strecke  in 

5  Gleitrichtung  vor  oderzuriick,  so  daft  die  Kante  der 
Glasscheibe  korrekt  mit  der  Grundstellung  des 
Bezugspunktes  ubereinstimmt. 

11.  Verfahren  nach  Anspruch  10,  dadurch 
gekennzeichnet,  daft  eine  Vielzahl  von  Bezug- 

w  spunkten  von  der  Kamera  (322)  aufgenommen 
wird  und  die  Pixelstellungen  jedes  Punktes  festge- 
stellt  werden  und  diese  Stellungen  gemittelt 
werden  und  die  mittlere  Stellung  mit  der  vorbe- 
stimmten  Grundstellung  verglichen  wird. 

15  12.  Verfahren  nach  Anspruch  10,  dadurch 
gekennzeichnet,  daft  das  Traggewebe  (252)  der 
Mattentrageinrichtung  (220)  bei  Abnutzung  perio- 
disch  ersetzt  wird. 

20  Revendications 

1  .  Appareil  (66)  de  mise  en  position  d'une  feuille 
de  verre,  comprenant  des  moyens  pour  soutenir 
une  feuille  de  verre  (330)  dans  un  poste  de  mise  en 

25  forme  (24),  un  arrangement  de  vision  pardessus 
(214)  comprenant  des  moyens  qui  indiquent  la 
position  de  la  feuille,  un  ordinateur  programmable 
et  dispositif  de  commande  (324)  et  un  amplifica- 
teur  (326),  des  moyens  agissant  sur  des  moyens  de 

30  deplacement  pour  deplacer  la  feuille  d'une  posi- 
tion  donnee  vers  une  position  predeterminee, 
caracterise  en  ce  que  les  moyens  supports  com- 
prennent: 

—  un  bati  (212)  de  mise  en  position  de  la  feuille, 
35  avec  un  chariot  (216)  comprenant  un  rail  de 

guidage  immobile  et  un  ensemble  (218)  support 
de  chariot; 

—  un  ensemble  support  (220)  en  forme  de  hamac 
sur  lequel  la  feuille  de  verre  est  placee  et  qui 

40  coulisse  par  rapport  a  I'ensemble  (218)  support  de 
chariot  et  au  rail  de  guidage; 

—  un  ensemble  de  coulissement  de  chariot  (222) 
relie  a  I'ensemble  support  (220)  formant  hamac, 
qui  deplace  a  coulissement  I'ensemble  (220)  du 

45  support  en  forme  de  hamac  au-dessus  de  I'ensem- 
ble  (218)  support  de  chariot  et  a  rail  de  guidage; 

—  des  moyens  pour  deplacer  le  bati  (212)  dans 
un  plan  entre  lesdits  moules  (34,  36);  et  ou  le 
dispositif  de  vision  par-dessus  (214)  comprend 

so  une  camera  video  (322)  reliee  a  I'ordinateur  et 
dispositif  de  commande  (324),  la  camera  video 
(322)  etant  placee  de  facon  qu'elle  puisse  voir  un 
bord  s'etendant  generalement  transversalement 
de  la  feuille  de  verre  deposee  sur  I'ensemble 

55  support  (220)  formant  hamac. 
2.  Appareil  suivant  la  revendication  1,  dans 

lequel  I'ensemble  support  (220)  formant  hamac 
comprend  un  cadre  superieur  rectangulaire  (242) 
pour  soutenir  un  rouleau  (244)  d'avancement  du 

60  hamac,  un  rouleau  (246)  de  reprise  du  hamac,  une 
paire  de  rouleaux  supports  de  hamac  et  d'exten- 
sion  du  hamac,  et  un  tissu  (252)  resistant  a  la 
chaleur  s'etendant  suivant  un  plan  de  direction 
generale  horizontale  en  travers  du  bati  (212). 

65  3.  Appareil  suivant  la  revendication  2,  dans 

14 
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equel  la  matiere  (252)  du  hamac  est  tendue  du 
ouleau  d'avancement  (244),  par-dessus  les  rou- 
eaux  d'extension  (248,  250),  au  rouleau  de 
eprise  (246)  de  facon  a  reduire  la  fleche  de  la 
euille  portee  par  les  rouleaux. 

4.  Appareil  suivant  les  revendications  2  ou  3, 
lans  lequel  le  rouleau  d'avancement  de  tissu 
244)  est  place  le  long  d'un  bord  du  cadre  rectan- 
julaire  (242)  avec  un  premier  ensemble  (284)  a 
:liquet  liberate,  monte  dessus,  pour  limiter  la 
otation  du  rouleau  d'avancement  (244)  dans  un 
jremier  sens  lorsque  le  premier  cliquet  (284)  est 
jngage  et  ou  le  rouleau  de  reprise  de  tissu  (246) 
jst  monte  le  long  d'un  bord  oppose  du  cadre 
242)  avec  un  second  ensemble  (286)  a  cliquet 
iberable  pour  limiter  la  rotation  du  rouleau  de 
■eprise  (246)  dans  un  second  sens  lorsque  le 
second  cliquet  (286)  est  engage,  de  facon  que  le 
:issu  (252)  resistant  a  la  chaleur,  tendu  a  partir  des 
■ouleaux  de  reprise  (244,  246),  soit  toume  de 
naniere  a  tendre  le  tissu  (252),  les  cliquets  (284, 
286)  empechant  la  rotation  des  rouleaux  (244, 
246)  dans  un  sens  qui  supprimerait  la  tension  du 
:issu  (252). 

5.  Appareil  suivant  la  revendication  4,  compre- 
nant  encore  un  troisieme  ensemble  (280)  a  cliquet 
iberable  sur  le  premier  rouleau  support  (248) 
pour  limiter  la  rotation  du  premier  rouleau  sup- 
port  (248)  dans  une  troisieme  direction,  et  un 
quatrieme  ensemble  (282)  a  cliquet  liberable  pour 
limiter  la  rotation  du  second  rouleau  support 
[250)  dans  une  quatrieme  direction,  ou  les  troi- 
sieme  et  quatrieme  ensembles  a  cliquets  (280, 
282)  empechent  la  rotation  des  rouleaux  supports 
[248,  250)  dans  une  direction  qui  supprimerait 
I'extension  du  tissu  (252). 

6.  Appareil  suivant  la  revendication  5,  dans 
lequel  les  premiere  et  troisieme  directions  de 
rotation  sont  la  meme  direction  et  ou  les  direc- 
tions  opposees  sont  la  meme  direction  et  sont 
opposees  aux  deuxieme  et  quatrieme  directions 
de  rotation. 

7.  Appareil  suivant  les  revendications  4  et  5, 
dans  lequel  les  moyens  sont  prevus  pour  automa- 
tiquement  engager  et  degager  les  ensembles  a 
cliquets  (280,  282,  284,  286)  et  des  moyens  pour 
faire  tourner  automatiquement  le  support  d'avan- 
cement  et  les  rouleaux  de  reprise  (244,  246,  248, 
250)  pour  faire  avancer  le  tissu  (252)  du  premier 
rouleau  d'avancement  (244)  vers  le  rouleau  de 
reprise  (246),  lorsque  les  cliquets  (280,  282)  sont 
degages,  pour  tendre  le  tissu  (252)  entre  les 
rouleaux  d'extension  (248,  250)  lorsque  les  cli- 
quets  (284,  286)  sont  engages. 

8.  Appareil  suivant  la  revendication  2,  dans 
lequel  le  tissu  (252)  resistant  a  la  chaleur  est  un 
tissu  de  fibres  de  verre. 

9.  Appareil  suivant  la  revendication  1,  dans 
lequel  I'ensemble  (222)  de  coulissement  de  cha- 

riot  comprend  une  plaque  supeneure  uuuj  qui  est 
reliee  a  une  barre  transversale  (258)  du  cadre 
(242)  de  I'ensemble  support  formant  hamac  (220) 
et  qui  est,  par  sa  surface  coulissante  (310),  soute- 

5  nue  de  fagon  a  pouvoir  coulisser  sur  la  surface  de 
glissement  (206)  d'une  plaque  inferieure  (302) 
fixee  a  une  plate-forme  support  inferieure  (40)  du 
poste  de  mise  en  forme  (24),  et  des  moyens  (314, 
316,  318)  pour  faire  coulisser  la  plaque  superieure 

'0  (300)  par  rapport  a  la  plaque  inferieure  (302)  de 
fagon  a  faire  coulisser  le  cadre  (242)  par  rapport  a 
la  plate-forme  support  (40).  ' 

10.  Procede  de  mise  en  position  d'une  feuille  de 
verre  en  un  point  de  mise  au  point  predetermine 

<5  d'un  poste  de  mise  en  forme  (24)  en  plagant 
materiellement  la  feuille  de  verre  sur  son  support, 
avec  un  dispositif  de  vision  par-dessus  (214) 
envoyant  une  information  a  un  ordinateur  pro- 
grammable  et  un  dispositif  de  commande  (324) 

>o  qui  compare  la  position  effective  d'un  point  de 
reference  par  rapport  a  une  position  de  repos  et 
qui  calcule  la  distance  dont  la  feuille  de  verre  doit 
etre  deplacee  dans  une  direction  de  coulissement 
pour  etre  alignee  convenablement,  et  ou  le  dispo- 

25  sitif  ordinateur  et  de  commande  (324)  emet  un 
signal  a  travers  un  amplificateur  de  signal  (325) 
vers  un  dispositif  d'entramement  (318)  qui 
deplace  I'ensemble  support  de  la  feuille  de  verre, 
caracterise  en  ce  qu'on  transfere  la  feuille  de 

jo  verre  des  moyens  transporters  sur  un  ensemble 
support  (220)  formant  hamac,  place  au  poste  de 
mise  en  forme  (24); 

—  en  ce  qu'on  utilise  une  camera  video  (322) 
voyant  au  moins  un  point  de  reference  pour  une 

35  partie  d'un  bord  s'etendant  transversalement,  de 
la  feuille  de  verre  deposee  sur  I'ensemble  support 
en  forme  de  hamac  (220),  comparant  la  position 
effective  du  point  de  reference  a  une  position  de 
repos  representant  I'emplacement  convenable  du 

40  point  de  reference  qui  est  etabli  dans  un  arrange- 
ment  de  points  d'image  de  la  camera  (322);  et 

—  en  ce  qu'on  deplace  I'ensemble  de  support 
(220)  en  forme  de  hamac  sur  une  certaine  dis- 
tance  dans  une  direction  de  coulissement,  vers 

45  I'avant  ou  vers  I'arriere,  pour  que  le  bord  de  la 
feuille  de  verre  soit  convenablement  aligne  avec 
la  position  de  repos  de  ce  point  de  reference. 

11.  Procede  suivant  la  revendication  10,  dans 
lequel  une  multiplicite  de  points  de  reference  sont 

50  vus  par  la  camera  (322)  et  ou  les  positions  des 
points  d'image  pour  chaque  point  sont  situees,  ou 
il  est  pris  une  moyenne  de  ces  positions  et  ou  la 
position  moyenne  est  comparee  a  la  position  de 
repos  predeterminee. 

55  12.  Procede  suivant  la  revendication  10,  dans 
lequel  le  tissu  (252)  de  I'ensemble  support  (220) 
en  forme  de  hamac  est  remplace  periodiquement 
lorsque  le  tissu  s'use. 
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