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Description 

This  invention  relates  to  a  method  of  assem- 
bling  a  laminated  holographic  transparency  which 
can  be  used  in  a  head  up  display  system  incor- 
porated  into  an  automotive  windshield. 

A  head  up  display  system  is  a  system  that 
displays  information  to  a  viewer  while  he  simulta- 
neously  views  the  real  world  around  and  through 
the  display.  A  head  up  display  system  is  often 
incorporated  into  aircraft  cockpits  for  pilots  to  moni- 
tor  flight  information,  and  more  recently  the  sys- 
tems  have  been  used  in  land  vehicles,  such  as 
cars,  trucks  and  the  like.  The  display  system  is 
generally  positioned  so  that  the  viewer  does  not 
have  to  glance  downward  towards  the  vehicle  dash- 
board  and  away  from  the  viewing  area  in  front  of 
the  vehicle  as  is  normal  for  vehicle  operation  to 
view  the  operating  information. 

Head  up  display  systems  generally  include  a 
display  projection  system,  a  collimator  and  a  com- 
biner.  The  projection  system  includes  a  light 
source  that  projects  operating  information  through 
the  collimator  which  generally  aligns  the  projected 
light  rays.  The  collimated  light  is  reflected  off  the 
combiner,  which  is  a  wavelength  selected  element 
positioned  in  a  portion  of  the  operator  field  of  view, 
such  that  the  operating  information  which  is  re- 
flected  off  the  combiner  may  be  easily  viewed  by 
the  operator.  Depending  on  how  the  collimator 
aligns  the  projected  light  rays,  the  reflected  image 
may  be  focused  anywhere  from  a  position  imme- 
diately  in  front  of  the  vehicle  to  optical  infinity. 

The  combiner  may  be  any  wavelength  selec- 
tive  reflective  material  such  as  a  holograph  or  re- 
flective  metallic  film.  In  a  holographic  head  up 
display  windshield  system,  the  combiner  is  a  holo- 
gram  which  may  be  applied  to  a  film  carrier  and 
positioned  in  the  interlayer  between  the  transparent 
glass  plies  of  the  windshield.  It  can  be  appreciated 
that  a  head  up  display  system  providing  important 
vehicle  information  such  as,  for  example,  fuel  sup- 
ply  and  vehicle  speed  positioned  within  the  motor- 
ist  field  of  vision  through  the  windshield  will  permit 
the  motorist  to  safely  maintain  eye  contact  with  the 
real  world  while  simultaneously  viewing  the  display 
information. 

The  interlayer  material  in  a  windshield  is  typi- 
cally  a  heat  sensitive  material,  such  as  polyvinyl- 
butyral,  which  flows  during  the  windshield  laminat- 
ing  operation.  When  the  holographic  combiner  is 
embedded  within  the  interlayer,  the  combiner  may 
distort  due  to  the  flowing  characteristics  of  the 
interlayer  material,  adversely  affecting  its  reflective 
properties  and  optical  quality  of  the  windshield.  In 
addition,  the  combiner  reduces  the  windshield  op- 
tical  quality  by  introducing  additional  materials  be- 
tween  the  windshield  glass  plies. 

It  would  be  advantageous  to  have  the  combiner 
as  thin  as  possible  and  to  maintain  the  combiner 
surface  parallel  to  the  major  surfaces  of  the  glass 
plies  so  as  to  reduce  optical  distortion  through  the 

5  windshield  and  maintain  the  reflective  properties  of 
the  combiner. 

U.S-A-1  ,871  ,877  to  Buckman  teaches  a  display 
system  having  a  glass  sheet  mounted  on  the  wind- 
shield  or  dashboard  which  reflects  instrumentation 

io  information  to  the  vehicle  operator. 
U  S-A-2,264,044  to  Lee  teaches  a  motor  ve- 

hicle  speedometer  wherein  an  illuminated  speed- 
ometer  display  is  reflected  off  the  inboard  surface 
of  the  vehicle  windshield. 

75  U  S-A-2,641,152  to  Mihalakis  teaches  a  vehicle 
indicator  optical  projection  device  wherein  instru- 
mentation  information  is  reflected  off  of  a  reflecting 
screen  on  the  inboard  surface  of  the  vehicle  wind- 
shield.  The  reflecting  surface  has  a  satin  finish  and 

20  can  be  metal,  glass,  or  plastic. 
U  S-A-2,750,833  to  Gross  teaches  an  optical 

display  system  for  eliminating  double  images 
which  occur  in  reflector  type  sights  such  as  are 
used  in  gun  sighting  installations  in  aircraft,  by 

25  polarization  of  the  collimated  light  beam  and  sepa- 
ration  of  the  two-way  branches  by  means  of  rota- 
tion  of  the  plane  of  polarization  and  extinction  of 
one  of  the  branches. 

U  S-A-3,276,813  to  Shaw,  Jr.  teaches  a  motor 
30  vehicle  display  system  which  utilizes  a  highly  re- 

flective  coating  on  the  inboard  surface  of  the  ve- 
hicle  windshield  to  reflect  instrumentation  informa- 
tion  to  the  vehicle  operator. 

U  S-A-3,446,916  to  Abel  teaches  an  image 
35  combiner  utilizing  a  portion  of  the  aircraft  window, 

the  inner  surface  of  the  portion  being  coated  with  a 
partially  reflecting  film  and  being  paraboloidal  in 
shape. 

U  S-A-3,899,241  to  Malobicky,  Jr.  et  al.  teach- 
40  es  a  windshield  adapted  for  use  in  aircraft  and 

includes  a  transparent  reflective  coating  on  the 
inboard  surface  in  the  center  portion  of  the  forward 
vision  area  to  form  a  vision  image  receiving  area. 
Vehicle  information  is  reflected  off  the  reflective 

45  coating  to  the  vehicle  operator. 
U  S-A-3,940,204  to  Withrington  and  4,218,111 

to  Withrington  et  al.  teach  an  optical  display  sys- 
tem  utilizing  holographic  lenses. 

U  S-A-4,261  ,635  to  Freeman  teaches  a  heads- 
50  up  display  system  including  a  holographic  com- 

biner  positioned  inboard  of  the  vehicle  windshield. 
The  hologram  is  disposed  substantially  orthogonal 
to  and  midway  along  an  axis  between  the  observer 
eye  position  and  the  projection  opticals  so  as  to 

55  deviate  light  from  an  image  produced  by  the  pro- 
jection  opticals  to  the  observer  eye  with  minimal 
field  aberration. 
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U  S-A-4,398,799  to  Swiff  teaches  a  heads-up 
display  system  wherein  the  pilots  view  is  recorded 
on  a  head  mounted  camera  to  which  light  from  the 
outside  scene  and  superimposed  display  is  re- 
flected  off  a  head  mounted  mirror. 

U  S-A-4,61  3,200  to  Hartman  teaches  a  head-up 
display  system  using  two  parallel  holographic  op- 
tical  elements  to  reflect  instrumentation  information 
to  the  vehicle  operator.  One  of  the  elements  is 
made  part  of  or  attached  to  the  vehicle  windshield. 

U  S-A-4,71  1  ,544  to  lino  et  al.  teaches  a  display 
system  for  vehicle  wherein  instrumentation  informa- 
tion  is  reflected  off  of  the  front  glass  of  the  vehicle 
so  that  the  image  display  can  be  formed  in  a 
desired  position  aligned  with  the  line  of  sight  of  the 
driver  without  obstructing  the  front  sight  of  the 
driver. 

These  patents  teach  various  display  systems. 
However,  they  do  not  teach  a  holographic  wind- 
shield  using  solely  a  holographic  film  positioned 
within  the  windshield  as  the  display  reflecting  sur- 
face,  i.e.,  collimator,  for  the  display  system. 

WO  88/09942  which  is  a  document  according 
to  Article  54(3)  EPC  refers  to  a  windshield  display 
system  for  automobiles  comprising  a  holographic 
combiner  laminated  within  the  plies  of  the  wind- 
shield.  The  lamination  process  includes  removal  of 
the  holographic  combiner  from  a  carrier  prior  the 
final  lamination  process. 

It  is  the  object  of  the  invention  to  provide  a 
method  for  preparing  a  laminated  holographic 
transparency  having  such  a  structure  that  any  op- 
tical  distortion  of  an  image  viewed  through  an  auto- 
motive  windshield  resulting  from  additional  ele- 
ments  within  said  windshield  is  due  solely  to  said 
hologram. 

This  object  is  attained  by  a  method  of  assem- 
bling  a  laminated  holographic  transparency  by  po- 
sitioning  an  interlayer  on  a  surface  of  a  rigid  glass 
ply,  positioning  a  hologram  supported  on  a  carrier 
on  a  major  surface  of  said  interlayer  sheet,  laminat- 
ing  said  glass  ply  interlayer  sheet,  hologram  and 
carrier  together  by  heating  and  applying  pressure 
to  form  a  unitary  structure,  removing  said  carrier 
from  said  said  structure,  laminating  at  least  one 
additonal  rigid  glass  ply  to  said  interlayer  sheet 
wherein  said  interlayer  sheet  and  said  hologram 
are  positioned  between  said  glass  plies. 

This  object  is  also  attained  by  a  method  of 
assembling  a  laminated  holographic  transparency 
by  adhering  a  hologram  supported  on  a  carrier  to  a 
major  surface  of  a  plastic  interlayer  sheet  wherein 
said  hologram  is  positioned  between  said  carrier 
and  said  interlayer  sheet  by  heating  the  portion  of 
said  interlayer  sheet  in  contact  with  said  hologram, 
removing  said  carrier  from  the  hologram  suck  that 
said  hologram  remains  adhered  to  said  interlayer 
sheet,  securing  a  glass  ply  to  said  interlayer  sheet 

wherein  said  hologram  is  positioned  between  said 
glass  ply  and  said  interlayer  sheet  and  laminating 
at  least  one  additional  glass  ply  to  said  interlayer 
sheet  wherein  said  interlayer  sheet  is  positioned 

5  between  said  glass  plies. 
According  to  another  embodiment  this  object  is 

attained  by  a  method  of  assembling  a  laminated 
holographic  transparency  by  adhering  a  hologram 
supported  on  a  carrier  to  a  major  surface  of  a  glass 

io  ply  wherein  said  hologram  is  positioned  between 
said  carrier  and  said  glass  ply  by  heating  the 
portion  of  said  glass  ply  in  contact  with  said  holog- 
ram,  removing  said  carrier  from  the  hologram  such 
that  said  hologram  remains  adhered  to  said  glass 

is  ply  securing  a  plastic  interlayer  sheet  to  said  glass 
ply  wherein  said  hologram  is  positioned  between 
said  glass  ply  and  said  interlayer  sheet  and  lami- 
nating  at  least  one  additonal  glass  ply  to  said 
interlayer  sheet  wherein  said  interlayer  sheet  is 

20  positioned  between  said  glass  plies. 
The  hologram  is  initially  developed  on  a  flexi- 

ble  carrier  substrate.  This  allows  easy  positioning 
of  the  hologram  at  the  desired  spot  within  the 
windshield.  In  assembling  the  windshield,  the  holo- 

25  gram  and  carrier  are  secured  to  either  the  inter- 
layer  material  or  glass  surface  of  one  of  the  glass 
plies  during  a  preliminary  assembly  operation.  The 
carrier  substrate  is  then  removed  from  the  holog- 
ram,  for  example  by  peeling,  so  that  only  the 

30  hologram  is  left  as  the  reflective  element  of  the 
windshield.  Depending  on  the  sensitivity  of  the 
hologram  to  temperature  and  pressure  variables, 
the  laminating  technique  used  to  assemble  the 
windshields  is  modified  so  as  to  maintain  the  integ- 

35  rity  of  the  hologram  throughout  the  assembly  op- 
eration. 

Brief  Description  of  the  Drawing 

40  Figure  1  is  a  schematic  of  a  heads-up  display 
system  incorporating  a  holographic  windshield. 

Figure  2  is  an  enlarged  cross-sectional  view 
taken  through  lines  2-2  in  Figure  1  showing  the 
hologram  within  the  windshield  assembly. 

45  Figures  3  through  6  are  enlarged  cross-sec- 
tional  views  similar  to  that  shown  in  Figure  2  of 
alternative  embodiments  of  a  windshield. 

Detailed  Description  of  the  Invention 
50 

The  present  invention  teaches  a  method  for 
assembling  a  laminated  windshield  with  a  combiner 
for  a  heads  up  display  system  laminated  between 
the  glass  plies  of  the  windshield,  but  it  is  under- 

55  stood  that  the  invention  may  be  used  for  any  type 
of  vehicle  or  structure  where  a  thin  undistorted 
combiner  is  to  be  used  in  conjunction  with  the 
transparency.  For  the  purposes  of  clarity,  as  used 

3 



5 EP  0  359  015  B1 6 

herein,  the  term  "hologram"  means  a  holographic 
recording  media  or  film,  such  as  dichromated  gela- 
tin,  the  term  "holographic  element"  means  the 
hologram  supported  on  a  carrier  film  or  substrate, 
the  term  "combiner"  means  either  a  hologram  or  a 
holographic  element  positioned  relative  to  the 
transparency  to  combine  a  virtual  image  of  a  pro- 
jected  image  source  with  the  real  world  view. 

With  reference  to  Figures  1  and  2,  the  trans- 
parency  of  the  head  up  display  system  comprises 
a  motor  vehicle  windshield  10  including  outer  glass 
ply  12,  inner  glass  ply  14,  and  interlayer  sheet  16 
and  incorporates  a  combiner  18  for  reflecting  in- 
formation  carrying  light  rays  into  the  field  of  vision 
of  a  motorist  20.  The  combiner  18  is  laminated 
within  the  windshield  10,  directly  against  a  major 
surface  of  either  glass  ply  12  or  14,  as  will  be 
discussed  later.  Light  rays  emanate  from  an  image 
source  22  and  are  projected  onto  the  combiner  18. 
The  combiner  18  is  manufactured  to  reflect 
wavelengths  of  light  included  within  a  predeter- 
mined  narrow  bandwidth  which  corresponds  to  the 
wavelength  and  angle  of  incidence  of  the  light  that 
is  projected  onto  the  combiner  18. 

A  suitable  projection  assembly  24  is  preferably 
mounted  immediately  beneath  the  upper  surface 
26  of  the  vehicle  dashboard  28  and  is  positioned 
between  the  image  source  22  and  the  combiner  18 
to  project  the  light  onto  the  combiner  18.  The  light 
rays  projected  onto  the  combiner  18  are  collimated 
so  as  to  create  a  virtual  image  anywhere  in  front  of 
the  vehicle  and  preferably  about  3  to  15m  (10  to  50 
feet)  in  front  of  the  windshield  10.  In  situations 
where  the  combiner  18  is  not  a  planar  surface,  for 
example,  if  the  combiner  18  is  on  or  within  a 
curved  windshield,  the  optical  assembly  24  will  also 
have  to  compensate  for  spherical  and  optical  ab- 
errations  introduced  by  the  curvature  of  the  wind- 
shield. 

The  image  source  22  preferably  is  a  transmis- 
sive  liquid  crystal  display  (LCD)  that  is  adequately 
illuminated  to  project  information  carrying  light  rays 
through  the  optical  assembly  24  to  the  combiner 
18.  The  displayed  image  (not  shown)  may  include 
numerical  or  graphical  symbols  representing,  for 
example  vehicle  speed,  fuel  level,  engine  RPM, 
temperature,  and  warning  messages.  Referring  to 
Figure  2,  the  combiner  18  is  positioned  between 
the  glass  plies  of  the  windshield  10  as  will  be 
described  later. 

The  combiner  18  is  located  within  a  particular 
region  relative  to  the  vehicle  operator's  direct  line 
of  sight.  The  preferred  location  of  the  combiner  18 
provides  an  information  display  region  that  permits 
peripheral  viewing  of  the  outside  real  world  scene 
as  the  operator  monitors  the  display.  It  is  con- 
templated  that  alternative  locations  will  also  provide 
an  effective  head  up  display  for  a  vehicle  wind- 

shield. 
Referring  to  Figure  2,  in  the  windshield  10  the 

combiner  18  is  a  hologram  laminated  between  the 
transparent  glass  plies  of  the  windshield  10.  It  has 

5  been  found  that  conventionally  manufactured  holo- 
grams  may  require  modified  processing  to  with- 
stand  a  typical  windshield  lamination  process  which 
normally  heats  the  windshield  to  about  135°C 
(275  •F)  at  a  pressure  of  about  14.1  kg/cm2  (200 

io  psi),  and  that  the  hologram  is  more  easily  manufac- 
tured  in  planar  form  and  then  bent  to  conform  to 
the  final  contour  of  the  windshield  10  during  lami- 
nation. 

Attention  is  now  turned  to  the  processing  of 
is  one  particular  hologram  and  holographic  element 

that  was  incorporated  into  a  laminated  windshield 
assembly  for  use  as  a  combiner,  but  it  is  under- 
stood  that  the  present  invention  is  not  limited  to 
any  particular  type  of  hologram  or  reflective  sur- 

20  face.  Additional  holographic  windshield  10  were 
fabricated  using  other  holograms  supplied  by  Flight 
Dynamics,  Inc.,  Portland,  Oregan. 

A  holographic  element  is  formed  by  depositing 
a  layer  of  holographic  recording  medium,  between 

25  about  10  to  40  urn  in  thickness,  on  a  substrate. 
The  substrate  which  may  be  either  transparent  or 
opaque,  is  secured  in  a  planar  orientation  by  a 
support  mechanism,  such  as  a  conventional  vacu- 
um  holder,  as  the  layer  of  holographic  recording 

30  material  is  deposited  onto  the  substrate.  A  suitable 
holographic  recording  material  would  be  a  pho- 
tosensitive  emulsion  such  as,  for  example,  a  VSP 
grade  gelatin  available  from  J.  T.  Baker  Chemical 
Company.  The  substrate  is  flexible  and  preferably 

35  is  a  polyester  or  polycarbonate  film  approximately 
0.125  millimeters  in  thickness.  If  the  selected  sub- 
strate  is  hydrophobic,  a  suitable  subbing  agent,  i.e. 
primer,  is  applied  to  the  surface  of  the  substrate 
upon  which  the  layer  of  gelatin  is  deposited.  The 

40  subbing  agent  provides  the  surface  with  hydrophilic 
characteristics  that  provide  effective  bonding  be- 
tween  the  gelatin  and  the  substrate. 

After  it  is  deposited  on  the  substrate,  the  gela- 
tin  layer  is  sensitized  in  a  solution  of  ammonium 

45  dichromate  as  is  known  in  the  art.  The  gelatin  is 
then  exposed  to  light  to  create  the  hologram.  Pref- 
erably  the  hologram  is  exposed  using  the  tech- 
niques  described  in  U  S-A-4,582,389  to  Cannata  et 
al.. 

50  Once  exposed,  the  hologram  is  processed  in  a 
conventional  manner  as  is  known  in  the  art.  One 
acceptable  processing  procedure  comprises  wash- 
ing  the  holographic  element  for  15  minutes  in  run- 
ning  water  having  a  temperature  of  between  16  °C 

55  and  20  °C  (60  °F  and  68  °F);  soaking  it  in 
isopropanol  for  two  minutes  with  continuous  agita- 
tion;  and  drying  the  holographic  element  in  a  vacu- 
um  oven  for  two  hours  at  a  temperature  at  least 

4 
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about  100°C  (212°F). 
After  the  initial  processing,  secondary  process- 

ing  of  the  holographic  element  may  be  required  to 
ensure  that  the  hologram  will  withstand  the  tem- 
peratures  and  pressures  of  a  windshield  lamination 
process.  The  secondary  processes  entail  an  op- 
tional  step  of  applying  a  moisture  barrier  to  the 
hologram  followed  by  heat  stabilizing  the  hologram 
and  storing  it  in  a  relatively  low  humidity  environ- 
ment. 

The  holographic  element  described  above  is 
dipped  into  a  solution  of  a  highly  volatile  solvent 
and  a  solute.  After  the  solvent  is  evaporated,  the 
remaining  solute  forms  an  effective  moisture  barrier 
covering  the  exposed  surface  of  the  hologram  and 
serves  as  a  humidity  stabilizing  agent  for  the  holo- 
gram  during  a  lamination  process.  A  preferred  solu- 
tion  is  a  two  percent  by  weight  solution  of 
fluorocarbon  powder  based  on  a  polych- 
lorotrifluoroethylene  resin  such  as  that  manufac- 
tured  by  M.  W.  Kellogg  Company  under  the  Trade- 
mark  KEL-F,  dissolved  in  liquid  freon.  After  the 
holographic  element  is  dipped  in  the  solution,  the 
freon  is  evaporated,  leaving  the  KEL-F  moisture 
barrier  coating  the  hologram  surface.  Although  a 
two  percent  solution  is  preferred,  acceptable  re- 
sults  can  be  obtained  with  a  0.5%  to  5%  solution. 
The  above  described  deposition  of  a  moisture  bar- 
rier  would  be  unnecessary  if  the  interlayer  used  in 
the  lamination  process  has  sufficiently  low  moisture 
content,  such  as  0.2%  or  less,  so  as  to  not  ad- 
versely  affect  the  hologram. 

After  the  moisture  barrier  has  been  applied,  the 
hologram  is  heat  stabilized  by  placing  the  holo- 
graphic  element  in  a  vacuum  oven  and  heating  it 
from  room  temperature  to  a  peak  temperature  of 
between  120°C  and  140°C  (220  °F  to  285  °F), 
within  30  to  90  minutes,  and  then  slowly  cooled  for 
60  to  120  minutes  until  it  reaches  room  tempera- 
ture.  In  the  holographic  element  described  above,  it 
is  preferably  heated  to  about  1  35  °  C  (275  °  F)  for 
about  60  minutes  and  then  cooled  to  room  tem- 
perature  in  about  90  minutes. 

Finally,  the  holographic  element  is  stored  in  an 
environment  having  a  relative  humility  of  less  than 
about  30%  and  a  temperature  of  between  20  °C 
and  30  °C  (68  °F  and  86  °F)  until  it  is  laminated 
into  the  windshield,  as  will  be  discussed  later.  After 
this  secondary  processing,  the  holographic  element 
is  approximately  0.15mm  thick. 

Referring  to  Figure  2,  it  is  noted  that  the  com- 
biner  18  of  windshield  10  includes  only  a  hologram 
30  and  not  the  substrate  on  which  the  hologram  30 
is  processed  as  discussed  earlier.  With  continued 
reference  to  Figure  2,  the  holographic  windshield 
10  includes  inner  glass  ply  14  laminated  to  outer 
glass  ply  12  with  an  interlayer  material  16,  such  as 
polyvinylbutyral  (PVB),  positioned  therebetween. 

Glass  plies  12  and  14  are  bent  in  any  conventional 
well  known  shaping  technique  to  provide  a  pair  of 
complimenting  shaped  glass  plies.  In  the  particular 
embodiment  of  the  present  invention  illustrated  in 

5  Figure  2,  hologram  30  is  positioned  directly  against 
the  outboard  surface  32  of  inner  ply  14. 

Holograms  are  sensitive  to  both  heat  and  pres- 
sure.  In  a  windshield  laminating  operation,  for  ex- 
ample  as  taught  in  U  S-A-4,1  02,722  to  Shoop,  the 

io  windshield  assembly  is  laminated  for  30  minutes  at 
a  pressure  of  14kg/cm  (200  psi)  and  135°C 
(275  °  F).  It  has  been  found  that  the  hologram  de- 
scribed  earlier  would  be  damaged  if  subjected  to 
these  conditions  so  that  it  could  not  be  used  as  a 

is  combiner.  As  a  result  the  fabrication  of  the  wind- 
shield  10  was  modified  to  be  a  multi-step  operation 
that  includes  two  laminating  cycles.  In  the  first 
laminating  operation,  the  holographic  element, 
which  includes  the  hologram  30  on  a  carrier  film,  is 

20  laminated  to  a  layer  of  PVB  interlayer  which  in  turn 
is  laminated  to  the  outer  glass  ply  12  to  form  a 
bilayer  assembly.  In  one  particular  embodiment  of 
the  invention,  the  interlayer  is  first  positioned  on 
the  inboard  surface  34  of  the  outer  glass  ply  12. 

25  The  interlayer  sheet  16  is  coated  with  an  adhesive, 
such  as  but  not  limited  to  polyurethane,  in  the  area 
that  will  come  in  contact  with  the  holographic  ele- 
ment.  The  element  is  then  placed  over  the  polyure- 
thane  coated  area  with  the  hologram  30  of  the 

30  element  in  direct  contact  with  the  adhesive.  The 
remainder  of  the  bilayer  assembly  i.e.,  that  portion 
of  the  interlayer  16  not  covered  by  the  holographic 
element  is  covered  with  a  slip  sheet  having  the 
same  thickness  as  the  holographic  element.  The 

35  slip  sheet  is  a  material  that  will  not  stick  to  the 
interlayer  16  during  a  laminating  operation  and  may 
be,  for  example  polyethylene  or  material  with  a 
release  coating  such  as  silicone  based  film.  The 
slip  sheet  includes  an  opening  located  and  sized  to 

40  generally  correspond  to  the  location  and  size  of  the 
holographic  element  positioned  on  the  interlayer 
16.  A  press  plate  which  may  be  the  complimenting 
curved  inner  glass  ply  14,  is  then  positioned  over 
the  bilayer  assembly  and  slip  sheet  and  the  total 

45  assembly  is  laminated.  Although  not  limiting  in  the 
present  invention,  in  the  preferred  laminating  op- 
eration,  the  assembly  is  placed  in  a  bag  and  de- 
aired  in  a  manner  well  known  in  the  art  and  as 
taught  in  U  S-A-3,31  1  ,517  to  Keslar  et  al.,  and 

50  autoclaved  at  a  temperature  within  the  range  of 
71  °  C  to  93  °  C  (160  °  F  to  200  °  F)  at  1  .05  kg/cm2  to 
4.22  kg/cm2  (15  psi  to  60  psi)  for  15  to  45  minutes. 
With  the  type  of  hologram  30  described  earlier,  the 
bilayer  assembly  is  preferably  laminated  at  about 

55  79  °C  (175°F)  and  1.76  kg/cm2  (25  psi)  for  about 
30  minutes.  After  the  first  laminating  cycle,  the 
bilayer  assembly  is  removed  from  the  bag  and  the 
press  plate  and  slip  sheet  are  removed  from  the 

5 
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interlayer.  The  carrier  substrate  is  then  separated 
from  the  hologram  by  a  peeling  operation  to  form  a 
bilayer  windshield  36  as  shown  in  Figure  4  which 
has  only  the  hologram  secured  to  the  interlayer. 

After  peeling,  the  trilayer  windshield  10  is  as- 
sembled.  The  inner  glass  ply  14  is  positioned  over 
the  interlayer  16  and  the  windshield  assembly  is 
rebagged,  de-aired,  and  laminated  in  an  autoclave 
to  form  the  final  product.  This  laminating  operation 
must  be  controlled  so  as  to  not  to  destroy  the 
hologram  due  to  excessive  heat  and/or  pressure. 
Using  a  hologram  of  the  type  discussed  earlier,  the 
temperatures  and  pressures  are  increased  in  steps. 
Although  not  limiting  in  the  present  invention  in  one 
particular  laminating  process,  the  temperature  is 
increased  from  room  temperature  to  a  temperature 
within  the  range  of  60  °C  to  79  °C  (140°F  to 
175°F)  and  held  for  about  10  to  20  minutes.  The 
temperatures  are  then  increased  to  within  a  range 
of  approximately  107°C  to  135°C  (225  °F  to 
275  °F)  and  held  for  approximately  45  to  120  min- 
utes.  The  temperature  is  then  reduced  to  room 
temperature.  With  respect  to  the  pressure,  the 
autoclave  is  pressurized  to  within  a  range  of  ap- 
proximately  1.76  kg/cm2  to  7.03  kg/cm2  (25  psi  to 
100  psi)  and  held  until  the  temperature  within  the 
autoclave  reaches  the  second  elevated  temperature 
range.  At  this  time  the  pressure  is  increased  to 
within  a  range  of  approximately  10.5  kg/cm2  to  15.8 
kg/cm2  (150  psi  to  225  psi)  and  held  until  the 
temperature  is  reduced  back  to  room  temperature. 
With  the  type  of  hologram  30  described  earlier  the 
second  laminating  operation  preferably  includes 
heating  the  assembly  to  about  66  °C  (150°F)  for 
about  15  minutes  and  then  increasing  the  tempera- 
ture  to  about  116°C  (240  °F)  and  holding  it  at 
temperature  for  about  90  minutes  before  cooling  it 
to  room  temperature.  With  respect  to  the  pressure, 
the  assembly  is  subjected  to  a  pressure  of  about 
1.05  kg/cm2  (50  psi)  until  the  temperature  reaches 
about  1  16  °  C  (240  °  F)  at  which  time  the  pressure  is 
increased  to  about  14.1  kg/cm2  (200  psi)  and  held 
until  the  temperature  is  reduced  back  to  room 
temperature. 

If  required,  prior  to  the  final  assembly  of  the 
windshield,  the  interlayer  16  may  be  sprayed  with  a 
solution  of  PVB  to  provide  an  embossed  surface  on 
the  interlayer  16  so  as  to  help  de-air  the  assembly 
prior  to  the  second  laminating  operation.  In  addi- 
tion,  a  thin  layer  of  polyurethane  or  other  suitable 
thermoplastic  adhesive  may  be  applied  either  to 
the  exposed  hologram  surface,  and/or  the  outboard 
surface  32  of  the  inboard  glass  ply  14  in  the  area 
where  the  hologram  will  contact  the  inner  glass  ply 
to  help  wet  and  bond  the  hologram's  surface. 

Although  the  windshield  de-airing  is  preferably 
done  by  a  bagging  process,  it  would  be  obvious  to 
one  skilled  in  the  art  that  other  de-airing  techniques 

such  as  using  de-airing  channels  or  prepressing 
rolls  as  taught  in  U  S-A-3,281  ,296  to  Jameson  and 
4,696,713  to  Okafuji  et  al.,  respectively. 

The  relative  adhesion  characteristics  between 
5  the  hologram  and  the  interlayer  and  the  hologram 

and  the  substrate  may  affect  the  peeling  operation. 
If  the  hologram/interlayer  adhesion  is  greater  than 
the  hologram/substrate  adhesive,  some  of  the  ad- 
hesive  between  the  hologram  and  substrate  may 

io  remain  on  the  exposed  hologram  surface  after 
peeling.  If  the  hologram/interlayer  adhesion  is  less 
than  the  hologram/substrate  adhesion,  the  holog- 
ram  may  shear,  leaving  imperfections  in  the  ex- 
posed  hologram  surface.  The  former  condition  is 

is  preferred. 
As  an  alternative  to  the  previously  described 

fabrication  method,  the  hologram  30  may  be  se- 
cured  directly  to  the  outboard  surface  32  of  the 
inner  glass  ply  14  during  an  initial  operation.  Al- 

20  though  not  limiting  in  the  present  invention,  a  vacu- 
um  pressing  technique  may  be  used  to  secure  the 
hologram  30.  In  particular,  the  hologram  30  and/or 
the  portion  of  the  inner  glass  ply  14  to  be  in 
contact  with  the  hologram  30  is  coated  with  an 

25  adhesive,  such  as  polyurethane.  The  holographic 
element  is  then  positioned  on  the  inner  glass  ply 
14  with  the  hologram  30  contacting  the  surface  32. 
A  conformable  pressing  member,  such  as  for  ex- 
ample,  a  vacuum  blanket,  may  be  positioned  over 

30  the  element  to  remove  air  from  between  the  glass 
14  and  hologram  30  and  press  the  element  against 
the  glass  ply  14.  When  a  thermoplastic  adhesive  is 
used,  such  as  polyurethane,  the  assembly  is  heat- 
ed  to  the  range  of  71  °C  to  93  °C  (160  °F  to 

35  200  °  F)  and  preferably  to  about  79  °  C  (1  75  °  F)  dur- 
ing  the  de-airing  step.  After  the  element  is  secured, 
to  the  glass  ply  14  the  blanket  is  removed,  the 
assembly  is  cooled,  and  the  carrier  substrate  is 
peeled  off  the  assembly  leaving  the  glass  ply  14 

40  with  only  the  hologram  30.  The  windshield  10  is 
then  assembled  i.e.,  the  interlayer  16  is  placed  on 
the  outboard  surface  of  the  inner  glass  ply  14  and 
the  outer  glass  ply  12  is  positioned  over  the  inter- 
layer.  The  assembled  windshield  is  de-aired  and 

45  laminated  in  an  autoclave  as  discussed  earlier  in 
the  second  laminating  operation. 

An  an  alternative  to  removing  the  carrier  sub- 
strate  by  peeling,  the  substrate  may  be  made  of  a 
material  that  can  be  dissolved  once  the  hologram 

50  is  secured  to  the  glass  or  interlayer  ply.  Although 
not  limiting  in  the  present  invention,  the  holograph- 
ic  recording  medium  may  be  deposited  on  a  sub- 
strate  of  polystryrene.  A  subbing  agent  may  be 
applied  to  obtain  suitable  adhesion.  The  hologram 

55  is  processed  and  secured  to  the  interlayer  or  glass 
surface  of  the  windshield  as  discussed  earlier.  The 
polystryrene  carrier  substrate  is  then  dissolved  us- 
ing,  for  example  pentane  or  benzene,  leaving  the 

6 
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hologram  secured  in  place. 
It  should  be  noted  that  for  a  curved  windshield, 

when  the  holographic  element  is  secured  either  to 
the  interlayer  of  the  bilayer  assembly  or  a  glass 
ply,  the  element  is  curved  to  conform  to  the  wind- 
shield  curvature  during  the  initial  securing  opera- 
tion.  It  is  believed  that,  as  an  alternative,  the  ele- 
ment  may  be  secured  to  a  flat  interlayer  16,  with- 
out  a  glass  ply,  by  pressing  and  heating  the  ele- 
ment  and  interlayer  16  between  slip  sheets  and  flat 
press  plates.  After  the  interlayer  16  is  cooled,  the 
carrier  substrate  can  be  peeled  from  the  interlayer 
16,  leaving  the  hologram  30.  The  windshield  10 
may  then  be  assembled  and  laminated,  using  the 
interlayer  16,  as  discussed  earlier,  to  form  the 
trilayer  windshield  configuration  10  illustrated  in 
Figure  2  or  the  bilayer  windshield  configuration  36 
and  38  illustrated  in  Figures  4  and  6,  respectively. 

It  should  be  appreciated  that  the  temperatures 
and  pressures  used  during  the  glass  windshield 
laminating  steps  are  dictated  by  the  sensitively  of 
the  hologram  to  these  variables.  The  less  sensitive 
the  hologram  is  to  these  variables,  the  closer  the 
temperatures  and  pressures  can  be  to  conventional 
windshield  laminating  parameters.  If  the  hologram 
30  could  survive  exposure  to  the  combined  tem- 
perature  and  pressure  of  a  conventional  windshield 
laminating  operation,  it  is  believed  that  the  multi- 
step  operation  as  described  above  would  not  be 
necessary. 

It  should  be  further  appreciated  that  the  lami- 
nating  cycle  described  is  for  a  glass  windshield. 
Rather  than  modifying  the  hologram,  if  the  laminat- 
ing  cycle  of  the  assembly  were  different,  for  exam- 
ple  if  different  transparent  plies  were  used  that 
require  lower  elevated  temperatures  and/or  pres- 
sures,  a  one  step  laminating  cycle  could  be  used. 

As  a  further  improvement  to  the  process,  if  the 
hologram  30  could  survive  the  bending  tempera- 
ture  of  the  ply,  e.g.,  about  648  °C  (1200°F)  for 
glass,  it  can  be  appreciated  that  the  hologram  30 
may  be  adhered  to  the  glass  before  a  bending  and 
shaping  operation. 

There  are  several  advantages  resulting  from 
positioning  the  combiner  18  against  a  glass  ply  and 
eliminating  the  carrier  substrate.  First,  the  glass  ply 
provides  a  rigid,  optically  acceptable  surface  that 
will  not  warp,  flow  or  deform  during  the  laminating 
operation  so  that  the  hologram  does  not  deform 
during  lamination  and  remains  parallel  to  the  glass 
surface.  In  addition  by  eliminating  the  carrier,  an 
additional  element  is  removed  from  the  windshield 
that  may  cause  optical  defects  in  the  windshield  as 
well  as  additional  reflective  surfaces  within  the 
windshield.  Furthermore,  it  is  believed  that  the  in- 
corporation  of  the  entire  holographic  element  as 
the  combiner  into  the  windshield  would  require 
multiple  interlayer  plies  of  various  thicknesses  to 

offset  the  thickness  of  the  holographic  element. 
Another  advantage  is  that  the  glass  provides  a 
superior  moisture  barrier  along  the  contacted  major 
surface  of  the  hologram. 

5  It  should  be  obvious  to  one  skilled  in  the  art 
that  the  hologram  may  be  embedded  within  the 
interlayer  of  the  windshield  rather  than  secured  to 
the  glass  ply  simply  by  positioning  a  second  inter- 
layer  sheet  between  the  bilayer  assembly  with  the 

io  hologram  and  the  inner  glass  ply  and  laminating 
the  assembly  as  discussed  earlier  as  shown  in 
trilayer  windshield  configuration  40  in  Figure  3  and 
bilayer  configuration  42  in  Figure  5. 

15  Claims 

1.  A  method  of  assembling  a  laminated  holo- 
graphic  transparency  (10)  by  positioning  an 
interlayer  (16)  on  a  surface  (34)  of  a  rigid  glass 

20  ply  (12),  positioning  a  hologram  (30)  supported 
on  a  carrier  on  a  major  surface  of  said  inter- 
layer  sheet  (16),  laminating  said  glass  ply  (12), 
interlayer  sheet  (16),  hologram  (30)  and  carrier 
together  by  heating  and  applying  pressure  to 

25  form  a  unitary  structure,  removing  said  carrier 
from  said  structure,  laminating  at  least  one 
additional  rigid  glass  ply  (14)  to  said  interlayer 
sheet  (16)  wherein  said  interlayer  sheet  (16) 
and  said  hologram  (30)  are  positioned  between 

30  said  glass  plies  (12,  14). 

2.  A  method  of  assembling  a  laminated  holo- 
graphic  transparency  (10)  by  adhering  a  holog- 
ram  (30)  supported  on  a  carrier  to  a  major 

35  surface  of  a  plastic  interlayer  sheet  (16) 
wherein  said  hologram  (30)  is  positioned  be- 
tween  said  carrier  and  said  interlayer  sheet 
(16)  by  heating  the  portion  of  said  interlayer 
sheet  (16)  in  contact  with  said  hologram  (30), 

40  removing  said  carrier  from  the  hologram  (30) 
such  that  said  hologram  (30)  remains  adhered 
to  said  interlayer  sheet  (16),  securing  a  glass 
ply  (12)  to  said  interlayer  sheet  (16)  wherein 
said  hologram  (30)  is  positioned  between  said 

45  glass  ply  (12)  and  said  interlayer  sheet  (16) 
and  laminating  at  least  one  additional  glass  ply 
(14)  to  said  interlayer  sheet  (16)  wherein  said 
interlayer  sheet  (16)  is  positioned  between  said 
glass  plies  (12,  14). 

50 
3.  A  method  of  assembling  a  laminated  holo- 

graphic  transparency  (10)  by  adhering  a  holog- 
ram  (30)  supported  on  a  carrier  to  a  major 
surface  of  a  glass  ply  (12)  wherein  said  holog- 

55  ram  (30)  is  positioned  between  said  carrier  and 
said  glass  ply  (12)  by  heating  the  portion  of 
said  glass  ply  (12)  in  contact  with  said  holog- 
ram  (30),  removing  said  carrier  from  the  holog- 

7 
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ram  (30)  such  that  said  hologram  (30)  remains 
adhered  to  said  glass  ply  (12),  securing  a 
plastic  interlayer  sheet  (16)  to  said  glass  ply 
(12)  wherein  said  hologram  (30)  is  positioned 
between  said  glass  ply  (12)  and  said  interlayer 
sheet  (16)  and  laminating  at  least  one  addi- 
tional  glass  ply  (14)  to  said  interlayer  sheet 
(16)  wherein  said  interlayer  sheet  (16)  is  posi- 
tioned  between  said  glass  plies  (12,  14). 

4.  The  method  of  claims  1  or  2  or  3  wherein  said 
removing  step  includes  peeling  off  said  carrier 
from  said  adhered  hologram  (30). 

5.  The  method  of  claims  1  or  2  or  3  wherein  said 
removing  step  includes  dissolving  said  carrier 
from  said  adhered  hologram  (30). 

6.  The  method  of  claim  1  wherein  in  said  first 
laminating  step  the  transparency  is  heated  to  a 
temperature  in  the  range  of  71  °  C  to  93  °  C 
(160°F  to  200  °F)  and  a  pressure  in  the  range 
of  1,034  to  4,137  bar  (15  to  60  psi)  is  applied 
for  15  to  45  minutes. 

7.  The  method  of  claim  6  wherein  said  transpar- 
ency  is  heated  to  approximately  80  °C  (175°F) 
at  a  pressure  of  approximately  1,724  bar  (25 
psi)  for  approximately  30  minutes. 

8.  The  method  of  claims  1  or  2  or  3  wherein  said 
laminating  step  further  includes  the  step  of 
applying  a  pressure  to  said  transparency  in  the 
range  of  approximately  1  ,724  to  6,845  bar  (25 
to  100  psi),  maintaining  said  pressure  until  said 
temperature  is  elevated  to  the  range  between 
1  07  °  C  to  1  35  °  C  (225  °  F  to  275  °  F),  increasing 
said  pressure  to  10,340  to  15,510  bar  (150  to 
225  psi)  and  maintaining  said  pressure  until 
the  temperature  of  said  assembly  is  reduced 
approximately  to  room  temperature. 

9.  The  method  as  in  claim  8  wherein  said  second 
laminating  step  includes  the  steps  of  heating  to 
about  66  °C  (150°F)  for  approximately  15  min- 
utes,  increasing  said  temperature  to  about 
116°C  (240  °F),  maintaining  said  temperature 
for  approximately  90  minutes  and  reducing 
said  temperature  to  room  temperature,  and 
further  includes  the  steps  of  applying  a  pres- 
sure  of  about  3,448  bar  (50  psi)  while  said 
transparency  is  initially  heated,  maintaining 
said  pressure  until  said  temperature  is  ele- 
vated  to  about  116°C  (240  °F),  increasing  said 
pressure  to  about  13,790  bar  (200  psi)  and 
maintaining  said  pressure  until  said  tempera- 
ture  is  reduced  to  room  temperature. 

10.  The  method  of  claim  2  wherein  said  adhering 
step  includes  applying  adhesive  between  said 
hologram  (30)  and  said  plastic  interlayer  sheet 
(16),  positioning  a  pressing  member  in  overlay- 

5  ing  relation  over  said  carrier  and  removing  air 
from  between  said  plastic  interlayer  sheet  (16) 
and  said  hologram  (30). 

11.  The  method  of  claim  3  wherein  said  adhering 
io  step  includes  applying  adhesive  between  said 

hologram  (30)  and  frist  glass  ply  (12),  position- 
ing  a  pressing  member  in  overlaying  relation 
over  said  carrier  and  removing  air  from  be- 
tween  said  frist  glass  ply  (12)  and  said  holog- 

15  ram  (30). 

Patentanspruche 

1.  Verfahren  zum  Zusammenbauen  einer  lami- 
20  nierten,  holografischen,  lichtdurchlassigen 

Scheibe  (10)  durch  Anordnen  einer  Zwischen- 
schicht  (16)  auf  einer  Oberflache  (34)  einer 
festen  Glasscheibe  (12),  Anordnen  eines  auf 
einem  Trager  angeordneten  Hologramms  (30) 

25  auf  einer  Hauptoberflache  der  Zwischen- 
schichtfolie  (16),  Laminieren  der  Glasscheibe 
(12),  Zwischenschichtfolie  (16),  Hologramm 
(30)  und  Trager  durch  Erwarmen  und  Anlegen 
von  Druck,  urn  einen  einheitlichen  Verbund 

30  auszubilden,  Entfernen  des  Tragers  von  dem 
Verbund  und  Laminieren  mindestens  einer  zu- 
satzlichen  festen  Glasscheibe  (14)  mit  der  Zwi- 
schenschichtfolie  (16),  so  dal3  die  Zwischen- 
schichtfolie  (16)  und  das  Hologramm  (30)  zwi- 

35  schen  den  Glasscheiben  (12,  14)  angeordnet 
sind. 

2.  Verfahren  zum  Zusammenbauen  einer  lami- 
nierten,  holografischen,  lichtdurchlassigen 

40  Scheibe  (10)  durch  Ankleben  eines  auf  einem 
Trager  angeordneten  Hologramms  (30)  an  ei- 
ner  Hauptoberflache  einer  Zwischenschichtfolie 
(16)  aus  Kunststoff,  wobei  das  Hologramm  (30) 
zwischen  dem  Trager  und  der  Zwischen- 

45  schichtfolie  (16)  angeordnet  ist,  durch  Erwar- 
men  des  Teils  der  Zwischenschichtfolie  (16), 
der  in  Beruhrung  mit  dem  Hologramm  (30) 
steht,  Entfernen  des  Tragers  vom  Hologramm 
(30),  so  dal3  das  Hologramm  (30)  an  der  Zwi- 

50  schenschichtfolie  (16)  kleben  bleibt,  Befestigen 
einer  Glasscheibe  (12)  an  der  Zwischen- 
schichtfolie  (16),  so  dal3  das  Hologramm  (30) 
zwischen  der  Glasscheibe  (12)  und  der  Zwi- 
schenschichtfolie  (16)  angeordnet  ist,  und  La- 

55  minieren  mindestens  einer  zusatzlichen  Glas- 
scheibe  (14)  mit  der  Zwischenschichtfolie  (16), 
so  dal3  die  Zwischenschichtfolie  (16)  zwischen 
den  Glasscheiben  (12,  14)  angeordnet  ist. 
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3.  Verfahren  zum  Zusammenbauen  einer  lami- 
nierten,  holografischen,  lichtdurchlassigen 
Scheibe  (10)  durch  Ankleben  eines  auf  einem 
Trager  angeordneten  Hologramms  (30)  an  ei- 
ner  Hauptoberflache  einer  Glascheibe  (12),  wo- 
bei  das  Hologramm  (30)  zwischen  dem  Trager 
und  der  Glasscheibe  (12)  angeordnet  ist,  durch 
Erwarmen  des  Teils  der  Glasscheibe  (12),  der 
in  Beruhrung  mit  dem  Hologramm  (30)  steht, 
Entfernen  des  Tragers  vom  Hologramm  (30), 
so  dal3  das  Hologramm  (30)  an  der  Glasschei- 
be  (12)  kleben  bleibt,  Befestigen  einer  Zwi- 
schenschichtfolie  (16)  aus  Kunststoff  an  der 
Glasscheibe  (12),  so  dal3  das  Hologramm  (30) 
zwischen  der  Glasscheibe  (12)  und  der  Zwi- 
schenschichtfolie  (16)  angeordnet  ist,  und  La- 
minieren  mindestens  einer  zusatzlichen  Glas- 
scheibe  (14)  mit  der  Zwischenschichtfolie  (16), 
so  dal3  die  Zwischenschichtfolie  (16)  zwischen 
den  Glasscheiben  (12,  14)  angeordnet  ist. 

4.  Verfahren  nach  Anspruchen  1  oder  2  oder  3, 
dadurch  gekennzeichnet, 
dal3  der  Schritt  des  Entfernens  das  Abschalen 
des  Tragers  vom  angeklebten  Hologramm  (30) 
einschlieBt. 

5.  Verfahren  nach  Anspruchen  1  oder  2  oder  3, 
dadurch  gekennzeichnet, 
dal3  der  Schritt  des  Entfernens  das  Auflosen 
des  Tragers  vom  angeklebten  Hologramm  (30) 
einschlieBt. 

6.  Verfahren  nach  Anspruch  1  , 
dadurch  gekennzeichnet, 
dal3  beim  ersten  Laminierschritt  die  lichtdurch- 
lassige  Scheibe  auf  eine  Temperatur  im  Be- 
reich  von  71  °  C  bis  93°  C  (160°  F  bis  200° 
F)  erwarmt  und  ein  Druck  im  Bereich  von 
1,034  bis  4,137  bar  (15  bis  60  psi)  fur  15  bis 
45  Minuten  angelegt  wird. 

7.  Verfahren  nach  Anspruch  6, 
dadurch  gekennzeichnet, 
dal3  die  lichtdurchlassige  Scheibe  auf  etwa 
80°  C  (175°  F)  unter  einem  Druck  von  etwa 
1,724  bar  (25  psi)  fur  etwa  30  Minuten  erwarmt 
wird. 

8.  Verfahren  nach  Anspruchen  1  oder  2  oder  3, 
dadurch  gekennzeichnet, 
dal3  der  Laminierschritt  weiterhin  den  Schritt 
des  Anlegens  eines  Druckes  im  Bereich  von 
etwa  1,724  bis  6,845  bar  (25  bis  100  psi)  an 
die  Scheibe  einschlieBt  und  der  Druck  aufrech- 
terhalten  wird,  bis  die  Temperatur  in  den  Be- 
reich  zwischen  107°  C  bis  135°  C  (225°  F 
bis  275°  F)  erhoht  ist,  und  der  Druck  auf 

10,340  bis  15,510  bar  (150  bis  225  psi)  erhoht 
und  der  Druck  aufrechterhalten  wird,  bis  die 
Temperatur  des  Verbundes  auf  etwa  Raum- 
temperatur  verringert  ist. 

5 
9.  Verfahren  nach  Anspruch  8, 

dadurch  gekennzeichnet, 
dal3  der  zweite  Laminierschritt  die  Schritte  des 
Erwarmens  auf  etwa  66°  C  (150°  F)  fur  etwa 

io  15  Minuten,  das  Erhohen  der  Temperatur  auf 
etwa  116°  C  (240°  F),  das  Aufrechterhalten 
dieser  Temperatur  fur  etwa  90  Minuten  und 
das  Verringern  der  Temperatur  auf  Raumtem- 
peratur  einschlieBt,  und  weiterhin  die  Schritte 

is  des  Anlegens  eines  Druckes  von  etwa  3,448 
bar  (50  psi)  wahrend  des  anfanglichen  Erwar- 
mens  der  Scheibe,  Aufrechterhalten  des  Druk- 
kes,  bis  die  Temperatur  auf  etwa  116°  C 
(240°  F)  erhoht  ist,  Erhohen  des  Druckes  auf 

20  etwa  13,790  bar  (200  psi)  und  Aufrechterhalten 
dieses  Druckes,  bis  die  Temperatur  auf  Raum- 
temperatur  verringert  ist,  eingeschlossen  sind. 

10.  Verfahren  nach  Anspruch  2, 
25  dadurch  gekennzeichnet, 

dal3  der  Anklebeschritt  das  Anbringen  von 
Klebstoff  zwischen  dem  Hologramm  (30)  und 
der  Zwischenschichtfolie  (16)  aus  Kunststoff, 
das  Anordnen  eines  Druckteils  in  uberdecken- 

30  der  Stellung  uber  dem  Trager  und  das  Entfer- 
nen  von  Luft  zwischen  der  Zwischenschichtfo- 
lie  (16)  aus  Kunststoff  und  dem  Hologramm 
(30)  einschlieBt. 

35  11.  Verfahren  nach  Anspruch  3, 
dadurch  gekennzeichnet, 
dal3  der  Anklebeschritt  das  Anbringen  von 
Klebstoff  zwischen  dem  Hologramm  (30)  und 
erster  Glasscheibe  (12),  das  Anordnen  eines 

40  Druckteils  in  uberdeckender  Stellung  uber  dem 
Trager  und  das  Entfernen  von  Luft  zwischen 
der  ersten  Glasscheibe  (12)  und  dem  Holo- 
gramm  (30)  einschlieBt. 

45  Revendications 

1.  Procede  d'assemblage  d'un  panneau  transpa- 
rent  holographique  feuillete  (10),  consistant  a 
placer  une  couche  intermediaire  (16)  sur  une 

50  surface  (34)  d'une  couche  de  verre  rigide  (12), 
a  placer  un  hologramme  (30),  monte  sur  un 
support,  sur  une  grande  surface  de  ladite  feuil- 
le  de  couche  intermediaire  (16),  a  stratifier 
ladite  couche  de  verre  (12),  ladite  feuille  de 

55  couche  intermediaire  (16),  ledit  hologramme 
(30)  et  son  support  par  chauffage  et  applica- 
tion  de  pression,  afin  de  former  un  ensemble 
structure!,  a  enlever  ledit  support  de  cet  en- 
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semble  structure!,  et  a  stratifier  au  moins  une 
couche  de  verre  rigide  supplementaire  (14)  sur 
ladite  feuille  de  couche  intermediaire  (16),  ladi- 
te  feuille  de  couche  intermediaire  (16)  et  ledit 
hologramme  (30)  etant  places  entre  lesdites  5 
couches  de  verre  (12,  14). 

Procede  d'assemblage  d'un  panneau  transpa- 
rent  holographique  feuillete  (10),  consistant  a 
faire  adherer  un  hologramme  (30),  monte  sur  10 
un  support,  a  une  grande  surface  d'une  feuille 
de  couche  intermediaire  en  matiere  plastique 
(16),  ledit  hologramme  etant  place  entre  ledit 
support  et  ladite  feuille  de  couche  intermediai- 
re  (16),  par  chauffage  de  la  partie  de  ladite  is 
feuille  de  couche  intermediaire  (16)  qui  est  en 
contact  avec  ledit  hologramme  (30),  a  enlever 
ledit  support  de  I'hologramme  (30)  de  sorte 
que  ledit  hologramme  (30)  reste  adherent  a 
ladite  feuille  de  couche  intermediaire  (16),  a  20 
fixer  une  couche  de  verre  (12)  sur  ladite  feuille 
de  couche  intermediaire  (16),  ledit  hologram- 
me  (30)  etant  place  entre  ladite  couche  de 
verre  (12)  et  ladite  feuille  de  couche  interme- 
diaire  (16),  et  a  stratifier  au  moins  une  couche  25 
de  verre  supplementaire  (14)  sur  ladite  feuille 
de  couche  intermediaire  (16),  ladite  feuille  de 
couche  intermediaire  (16)  etant  placee  entre 
lesdites  couches  de  verre  (12,  14). 

30 
Procede  d'assemblage  d'un  panneau  transpa- 
rent  holographique  feuillete  (10),  consistant  a 
faire  adherer  un  hologramme  (30),  monte  sur 
un  support,  sur  une  grande  surface  d'une  cou- 
che  de  verre  (12),  ledit  hologramme  etant  pla-  35 
ce  entre  ledit  support  et  ladite  couche  de  verre 
(12),  par  chauffage  de  la  partie  de  ladite  cou- 
che  de  verre  (12)  qui  est  en  contact  avec  ledit 
hologramme  (30),  a  enlever  ledit  support  de 
I'hologramme  (30)  de  sorte  que  ledit  hologram-  40 
me  (30)  reste  adherent  a  ladite  couche  de 
verre  (12),  a  fixer  une  feuille  de  couche  inter- 
mediaire  (16)  sur  ladite  couche  de  verre  (12), 
ledit  hologramme  (30)  etant  place  entre  ladite 
couche  de  verre  (12)  et  ladite  feuille  de  couche  45 
intermediaire  (16),  et  a  stratifier  au  moins  une 
couche  de  verre  supplementaire  (14)  sur  ladite 
feuille  de  couche  intermediaire  (16),  ladite 
feuille  de  couche  intermediaire  (16)  etant  pla- 
cee  entre  lesdites  couches  de  verre  (12,  14).  so 

Procede  selon  I'une  quelconque  des  revendi- 
cations  1  a  3,  dans  lequel  ladite  etape  d'enle- 
vement  consiste  a  retirer  par  pelage  ledit  sup- 
port  pour  I'enlever  dudit  hologramme  (30)  qui  55 
y  adhere. 

5.  Procede  selon  I'une  quelconque  des  revendi- 
cations  1  a  3,  dans  lequel  ladite  etape  d'enle- 
vement  consiste  a  dissoudre  ledit  support  pour 
le  retirer  dudit  hologramme  (30)  qui  y  adhere. 

6.  Procede  selon  la  revendication  1,  dans  lequel, 
dans  ladite  premiere  etape  de  stratification,  le 
panneau  transparent  est  chauffe  a  une  tempe- 
rature  comprise  dans  la  gamme  de  71  0  C  a 
93  °C  (160  0  F  a  200  °F)  et  soumis  a  une  pres- 
sion  comprise  dans  la  gamme  de  1,034  a 
4,137  bar  (15  a  60  psi)  pendant  15  a  45  mn. 

7.  Procede  selon  la  revendication  6,  dans  lequel 
ledit  panneau  transparent  est  chauffe  a  80  °C 
(175°F)  environ  sous  une  pression  de  1,724 
bar  (25  psi)  environ  pendant  30  mn  environ. 

8.  Procede  selon  I'une  quelconque  des  revendi- 
cations  1  a  3,  dans  lequel  ladite  etape  de 
stratification  comprend  les  etapes  consistant  a 
appliquer  audit  panneau  transparent  une  pres- 
sion  comprise  dans  la  gamme  d'environ  1,724 
a  6,845  bar  (25  a  100  psi),  a  maintenir  cette 
pression  jusqu'a  ce  que  la  temperature  ait  ete 
elevee  dans  la  gamme  de  107°C  a  135°C 
(225  0  F  a  275  0  F),  a  augmenter  ladite  pression 
jusqu'a  10,340  a  15,510  bar  (150  a  225  psi)  et 
a  maintenir  cette  pression  jusqu'a  ce  que  la 
temperature  dudit  ensemble  soit  redescendue 
approximativement  a  la  temperature  ambiante. 

9.  Procede  selon  la  revendication  8,  dans  lequel 
ladite  seconde  etape  de  stratification  com- 
prend  les  etapes  consistant  a  chauffer  a  66  0  C 
(150°F)  environ  pendant  15  mn  environ,  a 
elever  ladite  temperature  a  116°C  (240  °F) 
environ,  a  maintenir  ladite  temperature  pen- 
dant  90  mn  environ  et  a  I'abaisser  a  la  tempe- 
rature  ambiante,  ainsi  que  les  etapes  consis- 
tant  a  appliquer  une  pression  d'environ  3,448 
bar  (50  psi)  pendant  que  ledit  panneau  trans- 
parent  est  initialement  chauffe,  a  maintenir  la- 
dite  pression  jusqu'a  ce  que  ladite  temperature 
ait  ete  elevee  a  116°C  (240  °C)  environ,  a 
augmenter  ladite  pression  a  13,790  bar  (200 
psi)  et  a  maintenir  cette  pression  jusqu'a  ce 
que  ladite  temperature  soit  redescendue  a  la 
temperature  ambiante. 

10.  Procede  selon  la  revendication  2,  dans  lequel 
ladite  etape  de  mise  en  adherence  comprend 
les  operations  consistant  a  appliquer  un  adhe- 
sif  entre  ledit  hologramme  (30)  et  ladite  feuille 
de  couche  intermediaire  (16)  en  matiere  plasti- 
que,  a  placer  un  organe  de  pressage  en  posi- 
tion  de  recouvrement  sur  ledit  support  et  a 
expulser  I'air  d'entre  ladite  feuille  de  couche 
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intermediaire  (16)  en  matiere  plastique  et  ledit 
hologramme  (30). 

11.  Procede  selon  la  revendication  3,  dans  lequel 
ladite  etape  de  mise  en  adherence  comprend  5 
les  operations  consistant  a  appliquer  un  adhe- 
sif  entre  ledit  hologramme  (30)  et  ladite  pre- 
miere  couche  de  verre  (12),  a  placer  un  orga- 
ne  de  pressage  en  position  de  recouvrement 
sur  ledit  support  et  a  expulser  I'air  d'entre  10 
ladite  premiere  couche  de  verre  (12)  et  ledit 
hologramme  (30). 
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