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for receiving material from said storage station and responsive to said
data from said computer to The present invention relates to apparatus and
convert said material into a plurality of laminations methods of producing
an integral three-dimensional  each having shapes corresponding to said
planar object formed from individually contoured lamina-   5   shapes, a
stacker for receiving said laminations tions of the same or gradually
varying shape.     from said shaper and arranged to stack said lami- The
proceedings of the twenty-fifth internation-  nations successively one on
top of the other in an al Machine Tool Design and Research Conference
order corresponding to the order of succession of in Birmingham pages 22-24
April 1985, as pub-     said planar sections, locating means cooperating
lished by MacMillian Publishers Ltd, contains a   10  with the stacker for
ensuring the correct attitude of paper entitled "Laser cut sheet laminated
forming  each lamination In said stack and bonding means dies by diffusion
bonding" written by T Nakagawa  for bonding said laminations together to
form said et al.
three-dimensional objects characterised in that said This paper describes a
manufacturing system    sheet like material is a bimaterial in which one to
produce 3-D forming dies by laminating laser cut  15  material is the
primary material for the lamination sheets with suitable profiles. The
steps involved in  and the other material is a bonding material for this
system are the generation of a 3-D curved    achieving an integral bond
between laminations surface, the determination of the number of sheets
when subject to heat and/or pressure, and further and the profiles on each
of them forming the sur-  characterised in that said bonding means includes
face, laser beam cutting the sheets into cross sec-  20  pressure and/or
heating means for effecting an [err] shape, laminating them to form the die
sur-   integrated bond between adjacent laminations and faces with steps
and solid state bonding of sheets  control means responsive to the stacker
for actuat- followed by CNC milling and polishing.            ing said
pressure and/or heating means to integ- This proposed system of
manufacturing an ar-   rally bond each lamination upon being stacked to
bitrary three-dimensional surface by laminating la-  25  the immediately
adjacent lamination during an in- ser cut sheets is postulated as being
able to pro-  terval before the next successive lamination is vide an
efficient method of making even single    stacked thereon. piece of complex
shaped component quickly and         According to the present invention
there is economically. Sheet metal forming, metal casting  further provided
a method for producing an integral and plastic molding dies are typical
examples of  30  three-dimensional object from computer data, the such
complex components.                          method comprising steps of
supplying a sheet-like The various steps involved include especially
material to form said object, generating data defin- the technique of solid
state bonding which will   ing a series of planar shapes corresponding to a
permit the design of any arbitrary cavity shape and  succession of parallel
sections taken progressively channels for circulating cooling water. The
structure  35  through said object at spaced intervals, shaping may be a
composite structure which means that a   said material in accordance with
said data to con- high strength material used only for those portions  vert
the material into a plurality of laminations each where it is needed.
coated with said bonding component and having The process involves heating
laminated sheets  shapes corresponding to said shapes, stacking said a
protective atmosphere, followed by shifting the   40  laminations
successively one on top of the other in assembly to a hydraulic press and
keeping it      an order corresponding to the order of successions pressed
for a few seconds in air. This results in a  of said planar sections,
locating each lamination as very good bonding among laminates.
it is stacked and boding said laminations together Because method involves
diffusion bonding it  to form said three-dimensional object characterised
requires an expensive hot press. The process is  45  in that said
sheet-like material is a bimaterial in also time consuming.
which one material is the primary material for the It is an object of the
present invention to pro-  lamination and the other material is a bonding
vide an improved method and apparatus for pro-    material for achieving an
integral bond between ducing an integral three-dimensional object.
laminations when subject to heat and/or pressure According to the present
invention there is  50  and further characterised by the step of applying
provided apparatus for producing an integral three-  heat and/or pressure
to integrally bond each lami- dimensional object from computer data, the
ap-    nation upon being stacked to the immediately adja- paratus
comprising a storage station for storing and  cent lamination (26) during
an interval before the supplying sheet-like material to form said object, a
next successive lamination is stacked thereon. computer operable to
generate data defining a se-  55  A method and apparatus for producing an
in- ries of planar shapes corresponding to a succes-  tegral three
dimensional object and embodying the sion  of parallel sections taken
progressively   invention, will now be described, by way of exam- through
said object at spaced intervals, a shaper  ple, with reference to the
accompanying diagram- 2    



3                 EP 0 272 305 B1                      4 matic drawings, in
which:                             three-dimensional object formed of
individually Fig. 1 A is a perspective view of a product part   contoured
laminations in accordance with the to be made with a die or mold formed in
accor-       present invention; dance with the present invention;
Fig. 13 is a plan view illustrating a method for Fig. 1 B is a perspective
view of one-half of a die   5  attachment of non-contiguous cross section
por- or mold to be used to manufacture the product      tions; part of Fig.
1A;                                    Fig. 14 is a perspective view of
still another Fig. 1 C is a perspective view of the other half of
embodiment of apparatus for forming an integral a die or mold to be used to
manufacture the         three-dimensional object from laminations in ac-
product part of Fig. 1 A;                   10      cordance with the
present invention; Fig. 2A is a perspective view of a computer         Fig.
15 is a schematic illustration of a method of assisted drafting system for
entering data con-     forming an integral three-dimensional object cerning
the product part and die or mold illus-    from individually contoured
laminations utilizing trated in Figs. 1A-1C;                              a
powder material; and Fig. 2B is a perspective view illustrating the   16
Fig. 16 is a side elevational view of an apparatus formation of
individually contoured laminations     for forming an integral
three-dimensional object for a three-dimensional object such as the die or
from individually contoured laminations utilizing mold illustrated in Figs.
1B and 1 C;              a powder material. Fig. 3 is a cross-sectional
view taken on the line 3-3 of Fig. 2B;                             20
Detailed Description of the Preferred Embodiments Fig. 4 is a perspective
view illustrating the as- sembly of individually contoured laminations into
Referring to Fig. 7, the reference numeral 20 an integral three-dimensional
object such as the  designates generally an apparatus for forming an die or
mold illustrated in Figs. 1B and 1C;     integral three-dimensional object
22 from lamina- Fig. 5 Is a cross-sectional view schematically  25  tions
24 of the same or gradually varying shape. illustrating removing roughness
from an integral  The apparatus 20 includes a station 26 for storing
three-dimensional object formed from individ-    and supplying a material
28 and means for forming ually contoured laminations such as the die or
the material 28 into a plurality of individually con- mold illustrated in
Figs. 1B and 1C;           toured laminations 24 in shapes required for as-
Fig. 6 is a cross-sectional view schematically  30  sembly in a preselected
sequence into the three- illustrating plating an integral three-dimensional
dimensional object 22. More particularly, the lami- object formed from
individually contoured lami-  nation forming means includes a work station
30 nations such as the die or mold illustrated in   having a position 32
for cutting the material to- Figs. 1B and 1C;
gether with means for cutting the material 28 into Fig. 7 is a perspective
view of an apparatus for  35  the required shapes at the cutting position
32 such forming an integral three-dimensional object     as the laser beam
generating device 34 operatively from laminations in accordance with the
present  associated with the work station 30. The apparatus invention;
20 also includes means for controlling the opera- Fig. 8 is a perspective
view of an alternative   tion of the work station 30 to provide the
individ- embodiment of an apparatus for forming an in-  40  ually contoured
laminations 24 for the three-dimen- tegral three-dimensional object from
laminations  sional object 22 in response to data entered con- in
accordance with the present invention;        ceming the three-dimensional
object 22. More spe- Fig. 9 is a perspective of a sensor for locating
cifically, the operation controlling means includes a edges of an
individually contoured lamination    computer assisted drafting station 36
for entering during assembly of an integral three-dimensional  45  data
concerning the three-dimensional object 22 object from laminations in
accordance with the   (see Fig. 2a). The apparatus 20 still further
includes present invention;                               an assembly
station 38 for assembling the plurality Fig. 10 is a perspective view of a
plotter for   of individually contoured laminations 24 formed producing
artwork required for chemical etching  from the material 28 in the
pre-selected sequence the required shapes for individually contoured   50
into the form of the three-dimensional object 22. laminations for an
integral three-dimensional ob-  With this arrangement, the individually
contoured ject;                                            laminations 24
of the same or gradually varying Fig. 11 is a perspective view of chemical
etch-  shape can be integrally bonded to complete forma- ing after
selective exposure of a sheet-like ma-  tion of the three-dimensional
object 22. terial to ultra-violet light through the plotter gen-   55  In
this connection, the apparatus 20 includes erated artwork;
means for Integrally bonding each of the individ- Fig. 12 is a schematic
illustration of furnace   ually contoured laminations 24 to the next
adjacent brazing to complete formation of an integral     of the
individually contoured laminations 24 to 3    



5                 EP 0 272 305 B1                   6 complete the
formation of the three-dimensional   plane generally parallel to the plane
of the mirrors. object 22. When the material 28 is a sheet-like   Moreover,
the lens 52 is also supported for move- material such as sheet metal
ribbon, the integral  ment along an axis 64 generally perpendicular to
[err] means comprises spot brazing the individ-  the plane of the mirrors
54 and 58. ually contoured laminations 24 at the assembly   5    As
previously mentioned, the lamination as- station 38 by utilizing the laser
beam generating  sembling means includes an assembly station 38 device 34
in a manner to be described hereinafter.  having a location 66 for stacking
the individually Alternatively, if the sheet-like material 28 is of an-
contoured laminations 24. It will also be appre- other material, such as a
sheet-like plastic material,  ciated that means are provided for moving the
the integral bonding means will be selected to be   10  individually
contoured laminations 24 from the cut- compatible with the given material.
ting position 32 of the work station 30 to the Still referring to Fig. 7,
the supply station 26 is  stacking location 66 of the assembly station 38.
In preferably a roll 40 for storing the sheet-like ma-  the embodiment
illustrated in Fig. 7, the moving terial 28. It will also be appreciated
that, with this  means is an electromagnetically operated pick-up
arrangement, the apparatus 20 will include a feed-  is  plate 68 movable
between the cutting position 32 ing mechanism  42 for advancing the
sheet-like    of the work station 30 and the stacking location 66 material
28 (such as a sheet metal ribbon) from the  of the assembly station 38.
roll 40 through the work station 30, substantially as  As shown, the
apparatus 20 preferably includes shown. By utilizing a pair of frictional
drive rollers  a grinding belt 70 intermediate the cutting position 44 and
46, together with a motor 48 for driving one   20  32 of the work station
30 and the stacking location [err] the rollers 46, the sheet-like material
28 can be  66 of the assembly station 38. The pick-up plate 68 fed through
the cutting position 32 of the work   is adapted to place the individually
contoured lami- station 30.                                       nations
24 in contact with the grinding belt 70 With the arrangement illustrated in
Fig. 7, the  during movement from the cutting position 32 of cutting means
also includes means for focusing a   25  the work station 30 to the
stacking location 66 of laser beam 50 from the generating device 34 onto
the assembly station 38. In this manner, any rough the sheet-like material
28 at the cutting position 32.  edges created during cutting can be removed
be- This preferably includes a lens 52 through which  tween the cutting
position 32 of the work station 30 the laser beam  50 passes before
reaching the     and the stacking location 66 of the assembly sta-
sheet-like material 28 at the cutting position 32.  30  tion 38. The
cutting means also includes means for direct-     Also as shown, the
assembly station 38 in- ing the laser beam 50 from the generating device
cludes a spring biased stacking plate 72 at the 34 about the sheet-like
material 28 to form the   stacking location 66 disposed for axial movement
required shapes at the cuffing position 32. This  in a stack holder 74
adapted to receive and retain preferably includes a pair of mirrors 54 and
56   35  the individually contoured laminations 24. The adapted to direct
the laser beam  50 from the     stack holder 74 is adapted for limited
movement In generating device 34 through the lens 52. As      a plane
parallel to the plane of the stacking plate shown, the mirrors 54 and 56
are spaced from the  72 and includes at least one retaining lip 76, and
generating device 34, the lens 52, and one another.  preferably a pair of
retaining lips, adapted to coop- In a preferred embodiment, the means for
di-  40  erate with the spring biased stacking plate 72 to recting the
laser beam 50 includes a positioning  retain the individually contoured
laminations 24 table 58 for supporting the mirrors 54 and 56 for
therebetween. With this construction, the individ- axial movement along
mutually perpendicular axes  ually contoured laminations 24 each have an
iden- 60 and 62. The positioning table 58 supports one  tical generally
rectangular outer contour and the of the mirrors 54 for movement toward and
away   45  stacking plate 72, stack holder 74, and retaining from the
generating device 34 along the axis 60,  lips 76 cooperate with the
generally rectangular and it also supports the other of the mirrors 56 for
contour to assemble the individually contoured movement with the one of the
mirrors 54. Addition-  laminations 24 into the form of the three-dimen-
ally, the positioning table 58 supports the other of  sional object 22. the
mirrors 56 for movement toward and away from   50  Preferably, the stacking
plate 72 includes a the one of the mirrors 54 along the axis 62.      pair
of locating pins 78 adapted to precisely posi- As will be appreciated from
Fig. 7, the mirrors  tion the individually contoured laminations 24 into 54
and 56 move in a plane generally parallel to the  the form of the
three-dimensional object 22. For plane of the sheet-like material 28 at the
cutting  this purpose, the individually contoured laminations position 32.
It will also be seen that the positioning   55  24 each have a pair of
pin-receiving locating holes table 58 supports the lens 52 for movement
with   80 (see Fig. 12) in the generally rectangular outer the other of the
mirrors 56 such that the lens 52 is  contour outwardly of any inner contour
such as 82. adapted to move with the mirrors 54 and 56 in a 4    



7                 EP 0 272 305 B1                      8 Referring once
again to Fig. 7, the electromag-  98, 100, 102, 104, etc. together with
means for netically operated pick-up plate 68 is operatively  directing and
focusing laser beams 106, 108, 110, associated with the lens supporting
portion 52 of  112, etc. from the beam splitters 98, 100, 102, 104, the
positioning table 58. The pick-up plate 68 is  etc. onto the sheet-like
material 28" at the cutting adapted to be placed in contact with the
individ-   5   positions 32a", 32b", 32c", 32d" etc. With this ually
contoured laminations 24 at the cutting posi-  arrangement, the apparatus
20" offers high speed tion 32 of the work station 30 to be electromagneti-
formation of an integral three-dimensional object cally attached thereto,
and the positioning table 58  22" from a plurality of individually
contoured lami- is adapted to move the individually contoured lami-
nations 24". nations from the cutting position 32 of the work  10  Still
referring to Fig. 8, the means for directing station 30, first, to the
grinding belt 70 and, next, to  and focusing the laser beams 106, 108, 110,
112 the stacking location 66 of the assembly station 38.  etc. includes a
pair of mirrors and a lens supported Thereafter, the individually contoured
laminations  for movement at each of the positioning tables 24 are adapted
to be released from the pick-up    58a", 58b", 58c", 58d" etc. The
positioning tables plate 68 and are adapted to be spot brazed with  15
58a", 58b", 58c", 58d", etc. preferably include the laser beam generating
device 34 at the stack-  respective pairs of mirrors 54a" and 56a", 54b"
ing location 66 of the assembly station 38.       and 56b", 54c" and 56c",
54d" and 56d", etc. and In an alternative embodiment illustrated in Fig.
respective lenses 52a", 52b", 52c", 52d" etc., all 14, the apparatus 20'
has a conveyor belt 84 for  of which operate in the manner described in
detail directly transporting the individually contoured   20  in connection
with corresponding components of laminations 24 from the cutting position
32' of the  the single positioning table 58 illustrated in Fig. 7, work
station 30' to the stacking location 66' of the  with the exception that
the mirrors 54a", 54b", assembly station 38'. The sheet-like material 28'
is  54c", 54d" etc. are movable toward and away from preferably a
sheet-like plastic ribbon having a pres-  the perspective beam splitters
98, 100, 102, 104, sure sensitive adhesive on the top 28a' thereof  25
etc. rather than with respect to the laser beam covered with a surface
protecting tape 86, although  generating device 34". With this arrangement,
a it is also contemplated that the sheet-like plastic  plurality of
individually contoured laminations 24' ribbon may be provided without a
pre-coated adhe-  can be cut simultaneously at the respective work- sive in
which case the apparatus 20' would include  stations 30a", 30b", 30c", 30d"
etc. to expedite the a coating station where a thin layer of adhesive   30
formation of the three-dimensional object 22". would be applied to the
ribbon prior to cutting. With  As shown in Fig. 8, the lamination
assembling the former type of material, the apparatus 20' in-  means
includes a single assembly station 38" hav- cludes means such as a roller
88 for removing the  ing a location 66" for stacking the individually tape
86 before the plastic ribbon 28' enters the  contoured laminations 24" from
all of the work- cutting position 32' of the workstation 30'.  35  stations
30a", 30b", 30c", 30d" etc. In addition, the Still referring to Fig. 14,
the assembly station  apparatus 20" includes means such as the elec- 38'
comprises a stacking device 90 including a    tromagnetically operated
pick-up plate 68" for movable plate 92 at the stacking location 66'. The
moving the individually contoured laminations 24" plate 92 is disposed on a
stacking platform 94 for  from the cutting positions 32a", 32b", 32c", 32d"
axial movement to press individually contoured   40  etc. of the
workstations 30a", 30b", 30c", 30d" etc. laminations 24' assembled on the
plate 92 to the  to the stacking location 66" of the single assembly next
adjacent individually contoured lamination 24'  station 38". carried from
the cutting position 32' of the work-    Still referring to Fig. 8, the
apparatus 20" in- station 30' to the stacking location 66' of the as-
cludes a computer assisted drafting station 36" for sembly station 38'.
Moreover, as shown, a load cell  45  entering data concerning the
three-dimensional ob- 96 is associated with the plate 92 to ensure a force
ject 22" together with means associated with the sufficient to cause an
adhesive bond between the  computer assisted drafting station 36" for
transfer- individually contoured laminations 24'.           ring operation
controlling signals to the work sta- In still one other alternative
embodiment illus-  tions 30a", 30b", 30c", 30d". In particular, the trated
in Fig. 8, the lamination forming means in-  50  signal transferring means
preferably comprises a cludes a plurality of workstations 30a", 30b", 30c",
multiplexer 114 that is operatively associated both 30d", etc., each having
a position 32a", 32b",    with the computer assisted drafting station 36"
and 32c", 32d" etc., for cutting the sheet-like material  with the work
stations 30a", 30b", 30c", 30d" etc. 28" into the required shapes at their
respective  in conventional fashion and the computer assisted cutting
positions. The cutting means may include a   55  drafting station 36" is
provided with software for single laser beam  generating device 34" oper-
determining the thickness of the individually con- atively associated with
each of the workstations  toured lamination 24", for determining the
individ- 30a", 30b", 30c", 30d", etc. through beam splitters  ual contours
of the individually contoured lamina- 5    



9                 EP 0 272 305 B1                    10 tions 24" for
determining the sequence of forming   precovered by photoresistant
material. the individually contoured laminations 24" and for     After the
exposure to ultraviolet light, a chemi- determining the sequence of
assembling the in-     cal etching solution is sprayed onto the sheet-like
dividually contoured laminations 24" into the three-  material 120 from a
nozzle 136. Individually con- dimensional object 22". With this
arrangement, the   5   toured laminations then drop onto a conveyor 138.
computer assisted drafting station 36" is operative  At this point, the
conveyor 138 moves the individ- to insure for each of the individually
contoured    ually contoured laminations such as 140a, 140b, laminations
24" that, after the thickness and in-   140c, and 140d to a washing station
where washing dividual contours have been determined, the se-    solution
is sprayed from a nozzle 142. quence of forming the individually contoured
lami-  10  In order to fully utilize the bimetallic material, nations 24"
Is such that each of the individual    more than one cross section such as
140a, 140b, contours does not contain any other included con-   140c, 140d
can be produced in any given row with tour.
each row of etched and washed individually con- While not specifically
shown, it will be under-  toured laminations such as 140a and 140b being
stood and appreciated that a similar computer as-  15  transported by the
conveyor 138 to another con- sisted drafting station will be utilized with
either of  veyor 144 preferably moving generally transversely the
embodiments Illustrated in Figs. 7 and 14, as   of the direction of the
conveyor 138. After accept- well.
ing a new row of individually contoured laminations In still another
embodiment, the lamination for-  such as 140a and 140b, the conveyor 148
ad- ming means includes a plotter 116 (Fig. 10) for  20  vances to allow
space for another row of individ- producing the required shapes as negative
images      ually contoured laminations such as 140c and 140d on a separate
transparent sheet-like material 118   and to advance the first row of
individually con- for use as artwork in the chemical etching process.
toured laminations onto the stack as at 150 with the The sheet-like
material 118 is supplied to the plot-  unused bimetallic material being
rewound onto a ter 116 from a supply station housing rolls or  26  roll
152. containers of the material. Referring now to Fig. 11,  Referring to
Fig. 13, a method of attachment the use of the plotter generated artwork in
a chemi-  for non-contiguous portions of the same cross sec- cal etching
process can be understood. The sheet-   tion can be understood. Portions
154 and 156 are like material 120 for the three-dimensional object
connected by means of the thin strips 158. After 22 comprises a bimetallic
strip of thin metal coat-  30  stacking individually contoured laminations
and ed with a photoresistent material for exposure to   brazing them
together, the thin strips 158 can be ultraviolet light. As will be
appreciated, the sheet-  removed by using conventional machining tech- like
material 120 must be thin in relation to the  niques. overall size of the
three-dimensional object 22 so     Referring to Fig. 12, the pin-receiving
locating that gradual changes in the three-dimensional ge-  35  holes 80 an
either be chemically etched or laser ometry can be reproduced in the
laminating pro-     cut in the individually contoured laminations 24. cess.
This is, of course, done to properly align the inner Still referring to
Fig. 11, the apparatus 122   contours such as 82 during the furnace brazing
supplies the sheet-like material 120 from the roll  process in a brazing
furnace such as 160. As with 24 to the station 126 where selective exposure
to  40  the embodiment described in Fig. 7, the alignment ultraviolet light
occurs. At this station 126, the  is aided by the cooperation of two
locating pins sheet-like material 118 with the plotter generated  such as
78 adapted to protrude through the locat- artwork is gradually unwound from
the roll 128 and  ing holes 80. rewound onto the roll 130 as the sheet-like
material   Referring to Figs. 1A-1C, one application of the 120 moves under
the artwork at the same speed   45  present invention can be understood. It
will be seen for exposure to the ultraviolet light through the  that a
product part 162 is illustrated in Fig. 1A with artwork from the source
132. Preferably, the speed  two die or mold halves 164 and 166 for making
the of the artwork on the sheet-like material 118 and   product part 162
being illustrated in Figs. 1B and the speed of the sheet-like material 120
is equal-  1C. With this information, the die or mold halves ized through
use of a series of conventional  50  164 and 166 can be created from
laminations in sprockets (not shown) cooperating with respective
accordance with the present invention. mating perforations 134.
In particular, the die or mold design is first It should be understood that
the artwork could  created on the computer assisted drafting station be
created by the plotter on a transparent film     36 (see Fig. 2A). Next,
the laser beam 50 is ma- attached to the metal ribbon prior to the plotting
55  nipulated to cut the individually contoured lamina- and ultraviolet
light exposure. In another version of  tions 24 and the laminations are
joined to form the this method the artwork could be created by the
three-dimensional object 22 (see Fig. 2B and 3). plotter directly on the
surface of the metal        Then, the individually contoured laminations 24
are 6    



11                EP 0 272 305 B1                         12 spot brazed by
means of the laser beam 50 and          Preferably, if burrs are formed
during the cut- thereafter furnace brazed to complete formation of  ting
operation, the method includes the step of the three-dimensional object 22
(see Fig. 4). Fi-   grinding the individually contoured laminations after
nally, any roughness of the die or mold halves 164  cutting the required
shapes at the cutting position and 166 is removed by means such as grinding
5   of the workstation. This is done to remove any (see Fig. 5), and the
die or mold halves 164 and    roughness caused by the cutting step although
it 166 are plated, if desired (see Fig. 6).           will be appreciated
that this will not be necessary As will be appreciated from this
description    in the case of the chemical etching process since and the
schematic it describes, the present inven-  no burrs will be formed. As
will be appreciated tion provides a unique method of forming an in-  io
from the embodiment of Fig. 7, the grinding step is tegral
three-dimensional object from laminations.   performed when needed at a
point in time prior to The method includes the step of providing means
stacking the individually contoured laminations at for forming a material
into a plurality of individually  the stacking locations. contoured
laminations in shapes required for as-       With regard to the step of
bonding the lamina- sembly in a pre-selected sequence into the three-  15
tions, this preferably includes spot brazing each of dimensional object. It
also includes the step of   the laminations to the next adjacent of the
lamina- providing means for controlling the operation of the  tions to
complete formation of the three-dimen- lamination forming means to provide
the individ-   sional object, although this is not required in the ually
contoured laminations for the three-dimen-   chemical etching process. It
also preferably in- sional object. The method further includes the step
20  cludes thereafter furnace brazing the entire three- of entering data
concerning the three-dimensional   dimensional object, as shown in Fig. 12,
after which object into the operation controlling means and    the
three-dimensional object becomes a unitary thereafter instructing  the
operation  controlling  product, e.g., the two die or mold halves 164 and
means to operate the lamination forming means in    166 are each a unitary
portion of the overall die or a controlled manner so as to form the
plurality of  25   mold for making the product part 162. After furnace
individually contoured laminations. It also includes  brazing, the method
preferably includes the step of the step of assembling the plurality of
individually  grinding the three-dimensional object (see Fig. 5) contoured
laminations in the pre-selected sequence  and thereafter plating the
three-dimensional object into the form of the three-dimensional object. The
(see Fig. 6), although the grinding again may not method still further
comprises the plurality of in-  30  be needed in the chemical etching
process. dividually contoured laminations being assembled       When the
material is a sheet-like material such such that each of the individually
contoured lamina-  as, e.g., a sheet-like plastic ribbon having a pres-
tions is integrally bonded to the next adjacent of  sure sensitive adhesive
on the top, the method will the individually contoured laminations to
complete  include the step of removing the surface protecting formation of
the three-dimensional object. With  35  tape over the pressure sensitive
adhesive before these steps, a unique three-dimensional object     the
sheet-like plastic ribbon enters the cutting posi- formed from individually
contoured laminations re-  tion of the workstation. The method will also
in- sults.                                              clude the step of
pressing individually contoured As will be appreciated, the lamination
forming  laminations located at the stacking location to the means
preferably is configured in accordance with  40  next adjacent individually
contoured lamination the  details  of the  embodiments  described
moved from the cutting position of the work station hereinabove. It is also
advantageous for the opera-  to the stacking location to cause an adhesive
bond tion controlling means to be similarly configured   between the
individually contoured laminations. and to have like features for
maximizing the bene-  While not limited to the apparatus that is
illustrated fits to be gained by following the method of the   45  in the
embodiment of Fig. 14, it will be appreciated present invention. By so
doing, the operation con-  that this apparatus can be utilized to perform
the trolling means is capable of operating the lamina-  unique method
described. tion forming means in the necessary controlled         Finally,
the method can include the step of manner.
providing a plurality of work stations each having a With regard to the
assembling step, it prefer-  so  position for cutting a sheet-like material
along with ably includes providing a location for stacking the  the step of
providing means for cutting the sheet- individually contoured laminations.
The individually  like material into the required shapes at the cutting
contoured laminations are then moved from the       positions. The cutting
means will then include a cutting position of the work station to the
stacking  single laser beam  generating device operatively location. After
moving, the individually contoured   55  associated with each of the
workstations through a laminations are stacked into the form of the three-
beam splitter. Moreover, the cutting means will also dimensional object.
include means for directing and focusing laser beams from the beam
splitters onto the sheet-like 7    



13                EP 0 272 305 B1                   14 material at the
cutting positions of each of the  process. workstations.
Referring once again to Fig. 7, by utilizing the By utilizing the method of
the invention, a    positioning table 58 to manipulate the laser beam [err]
three-dimensional object formed from in-   50, it is possible to cut an
individually contoured dividually contoured laminations can be provided.
5   lamination 24 for the three-dimensional object 22. This is accomplished
with a technique which can   The sequence of cutting is determined by the
be utilized for production of complex three-dimen-  computer assisted
drafting station software or the sional parts, dies, molds, prototypes,
products con-  programmer in such a manner that portions of the ventionally
produced by machining, and even for-  cross-section cut first do not
contain any other ming parts for reconstructive bone surgery, and   10
included contours to ensure that there is always a involves creation and
then lamination of the thin  small gap between the portion of the sheet
metal individually contoured laminations of the solid body  ribbon 28 cut
and the table 168 upon which it using equipment such as computer assisted
draft-  drops after cutting. For example, when the individ- ing stations,
plotters, laser beam generating de-  ually contoured lamination 24 is being
cut, the vices and the like. As a result, it is possible to  15  contour
170 must be cut first and the contour 172 significantly shorten the time
between the design  must be cut after it. and the manufacturing stages,
reduce labor costs,     When the individually contoured lamination 24
increase productivity and provide a flexible manu-  has been cut, the
positioning table 58 moves the facturing system.
pick-up plate 68 above and in contact with the The principle of the
flexible manufacturing sys-  20  surface of the lamination 24. An
electromagnet 174 [err] can now be understood. A sheet metal ribbon   is
energized to attract the lamination 24 to the pick- 28 is fed into the
workstation 30 (see Fig. 7) from a  up plate 68 and the lamination 24 is
moved into roll 40 at a supply station 26 where the ribbon is  contact with
the moving grinding belt 70. By so made from .001-.030 inch (0,002-0,076
cm) thick   doing, the dross created by the melting and re- bimetallic
material, e.g., steel clad with copper on   25  solidification of the metal
at the bottom of the cut the bottom or any other such materials having
line is removed in this operation from the lamina- different melting
temperatures, with the metal hav-  tion 24. ing the higher melting
temperature constituting the   As will be appreciated, the grinding belt 70
can thickest layer of the ribbon on the order of 70 to  also transport
portions of the lamination 24 to be 98% and with the remainder, i.e., 2 to
30%, con-  30  discarded into a scrap container 176. This will be stituting
the low melting temperature portion used  helpful, for instance, when,
instead of a mold or for brazing the individually contoured laminations
die, the system is used to create a part prototype 24 together, and a laser
beam 50 is generated and  where it may be desirable to discard the portion
directed to a cutting position 32 by means of the  between the contours 170
and 172. For such ap- mirrors 54 and 56 and the lens 52 attached to the
35  plications, the apparatus 20 is well suited for as- positioning table
58. As noted before, the mirrors  sembling a plurality of individually
contoured lami- 54 and 56 are movable in the plane defined by the  nations
24 into an integral three-dimensional object axes 60 and 62 and the lens 52
is movable along   22. the axis 64 perpendicular thereto.
More specifically, the contour 170 would be cut Similarly, the principle of
the flexible manufac-  40  first, if necesary the dross would be removed
with turing system can be understood by referring to   the grinding belt
70, and the contour 170 would be Fig. 11. A sheet metal ribbon 120 is fed
under the  loaded onto the stacking platform 72. Next, the ultraviolet
light source 132, the etching nozzle 136,  portion between the contours 170
and 172 would and the washing nozzle 142 where the ribbon is    be
discarded by first cutting the contour 172, then again made from .001-.030
inch (0,002-0,076 cm)   45  lifting it by means of the pick-up plate 68 and
thick bimetallic material, e.g., steel clad with cop-  releasing it above
the moving grinding belt 70 per on the bottom or any other such material
which will transport that portion to the scrap con- having different
melting temperatures, with the met-  tainer 176. Finally, the outer
rectangular contour al having the higher melting temperature again    178
and the pin receiving locating holes 80 will be constituting the thickest
layer of the ribbon on the   so  cut by means of the laser beam 50. order
of 70 to 98% and with the remainder, i.e., 2    In the embodiment
illustrated in Fig. 7, the to 30%, constituting the low melting temperature
outer rectangular contour 178 is important for portion used for brazing the
individually contoured  stacking individually contoured laminations 24 in a
laminations 24 together, and the overall method is  manner accommodating
accurate spot brazing. As as previously described hereinabove. As noted be-
55  was previously done with the inner contour 170, the fore, the
individually contoured laminations such as  outer rectangular contour 178
is picked up and 140a, 140b, 140c, and 140d are deposited onto the
positioned above the stack holder 74 after which it stack 150 after
completion of the chemical etching  is pushed against the stack of
individually con- 8    
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24 so that the spring 180 com-  characteristics. In the case of a mold or
die, both presses. When the pick-up plate 68 returns to its  halves are
laminated simultaneously in a single upper position, the spring 180 pushes
the stacking  process, and cutting, dross removal, loading, and plate 72
until the individually contoured lamination  spot brazing are done by the
same positioning 24 just loaded pushes against the retaining lips 76.   5
table driven by a computer assisted drafting sta- Because of the triangular
shape of the lips 76,  tion. the stack of individually contoured
laminations 24    Referring once again to the embodiment Illus- can be
pushed down but are prevented from being   trated in Fig. 14, the apparatus
20' is well suited for pushed up beyond the retaining lips 76. Thus, each
making plastic three-dimensional prototypes under lamination 24 ends up at
the same level after its  10  the principles described in detail
hereinabove. The initial loading, i.e., the level of the retaining lips 76.
primary reason for using plastics is to reduce the After initial loading,
the positioning table 58 posi-  needed laser power sufficiently to
accommodate tions the mirrors 54 and 56 where needed and      the use of a
compact, inexpensive laser which can positions the lens 52 within the focal
distance from  be easily installed In an engineering, design, re- the just
loaded lamination 24, and the system spot  15  search laboratory or model
shop environment. In brazes the just loaded lamination 24 to the stack
effect, the apparatus 20' would be another com- with short laser pulses.
puter output peripheral analogous to a printer or As will be appreciated,
spot brazing is needed  plotter. only to hold the individually contoured
laminations   With the apparatus 20', the plastic ribbon 28' 24 together
temporarily until furnace brazing at a   20  coated on the top with a
pressure sensitive adhe- later stage of assembly, although if each individ-
sive is fed from a roll 190. A mechanism which ually contoured lamintion 24
consists of a single  consists of several rollers 88 will remove the sur-
piece of metal, the spot brazing step may be      face protecting tape 86
which is provided to protect omitted.
the surface of the plastic ribbon 28' covered with While the positioning
table 58 is precise   25  adhesive. When the tape 86 has been removed,
enough to accurately locate the individually con-  the laser beam 50' will
cut the individually con- toured laminations 24, the stacking process
itself is  toured laminations 24' in accordance with the se- aided by the
two locating pins 78. These pins 78,  quence described hereinabove. which
are located perpendicularly to the stacking     With the apparatus 20' in
Fig. 14, the portions plate 72, have conical ends and, when each in-  30
cut from the plastic ribbon 28' will drop on the dividually contoured
lamination 24 is pushed onto  conveyor belt 84. Those portions comprising
the the stack, the pins 78 protrude through the locating  individually
contoured laminations 24' that are to be holes 80. If the holes 80 are not
perfectly concen-  attached to the stack at the stacking platform 90 tric
with the pins 78, their inner diameters press  will be advanced by the
conveyor belt 84 over a against the conical surfaces of the pins 78 to  35
certain distance and positioned under the stacking produce enough force to
move the stack holder 74  platform 94. Additionally, those portions to be
dis- with respect to the stack holder housing 182.     carded will be
advanced by the conveyor belt 84 In this connection, the stack holder
housing   until they drop into a scrap container. 182 has a pair of grooves
184 disposed in a           After an individually contoured lamination 24'
is generally horizontal plane. These grooves loosely  40  positioned under
the stacking platform 94, the receive a pair of tongues 186 projecting
outwardly  stacking platform 94 moves down until the stacking from the
sides of the stack holder 74. With this  plate 92 presses the stack to the
individually con- construction, the tongues 186 support the stack   toured
lamination 24' to be attached. The load cell holder 74 for limited movement
with minimal fric-  96 transmits feedback about the load, and the tion in a
generally horizontal plane.         45  amount of the load necessary to
attach a particular After each of the individually contoured lamina-
individually contoured lamination 24' is calculated tions 24 is spot brazed
to the stack, the feeding  by a computer. In this manner, an adhesive bond
mechanism 42 advances the sheet metal ribbon 28   develops between the
individually contoured lami- andthe cycle resumes.
nation 24' and the remainder of the stack, and the After all of the
individually contoured lamina-  50  lamination 24' stays attached to the
stack when the tions 24 have been attached to form the three-    stack
moves up with the stacking platform 94. dimensional object 22, the
three-dimensional object   With regard to the embodiment illustrated in 22
can be placed in the brazing furnace 160 (see  Fig. 8, the apparatus 20"
comprises an automated Fig. 12). Unacceptable roughness after brazing can
production line utilizing the principles of the be eliminated by grinding
(see Fig. 5) before the   55  present invention. All of the work stations
30a", mold surface is coated (by using an electroless   30b", 30c" 30d"
etc. can cut cross-sections from nickel process or other finishing
technique) to   metal or plastic simultaneously and can either achieve the
desired tolerance and surface finish  share the same ribbon as shown in
Fig. 8, or can 9    
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similar to the one shown in   narounds which can be achieved. Many
materials Figs. 7 and 14 where individual ribbon feeders are  can be
chemically milled, including aluminum, nick- provided for each substation
positioned perpen-   el, brass, copper, stainless steel, spring steel and
dicularly to a common carrying conveyor. After all  molybdenum. of the
individually contoured laminations 24" have   5  The making of a laminated
mold or die with the been cut, the conveyor 192 moves them one-by-     use
of chemical milling or etching is illustrated in one to the unloading
substation 194 where they are  Figs. 10 and 11. The mold or die design is
created removed to the stacking station 38" in the pre-   and then
cross-sectioned at a computer assisted viously described manner.
drafting station and the distance between cross- With this embodiment,
there is no physical  10  sections or laminations as specified to be the
same limit to the number of work stations 30a", 30b",  as the thickness of
the sheet material which is to 30c", 30d" etc. which can be installed in
the auto-  be used. In addition, the geometry of each of the mated
production line. In addition, a number of   individually contoured
laminations is transmitted to such work stations can be powered by the same
a specified plotter 116 which is particularly well laser beam generating
device 34" by providing the   15  suited to the production of filled areas.
laser beam 50" by means of beam splitters 98,        If multiple plotters
such as 116 are used, then 100, 102, 104 etc. In addition, all of such work
multiple individually contoured laminations for the stations can share the
same computer assisted     three-dimensional object can be manufactured si-
drafting station 36", conveyor belt 192, and stack-  multaneously. Thus,
the critical production path ing station 38" to produce both plastic and
metal  20  elapsed time depends upon a number of plotters [err].
such as 116 used for production of individually With regard to the system
represented in Figs.  contoured laminations. For instance, if each of the
10 and 11, a chemical etching process is utilized to  individually
contoured laminations require 3.5 min- automatically produce composites.
The three-di-   utes and if 10 such plotters are employed, the art
mensional composites can comprise specialized   25  work required for
production of a four inch thick parts, dies, molds, product prototypes and
other  part can be generated within two hours. objects which can be
described as geometrically       As previously suggested, each of the
individ- bounded shapes. Basically, Figs. 10 and 11 are    ually contoured
laminations will be drawn as a representative of a process and apparatus
that uti-  negative image with white against a dark back- lizes a number of
advances.                  30  ground. The background areas will be
chemically In particular, advances in the field of polymer  removed in a
subsequent etching process (as science have lead to the creation of molded
parts  shown in Fig. 11), and the negatives can be pro- with such good
mechanical properties that they are  duced on paper or mylar. In this
connection, mylar directly replacing metal parts. By contrast, dies and
could be directly attached to or produced directly molds are now produced
primarily by machining   35  on the surface of metal sheets coated with a
photo blocks of steel with milling machines and other   resistant material
for exposure to ultraviolet light. conventional and numerically controlled
machine       To perform the steps for chemical blanking, the tools. With
the present invention, an entirely new  application of a photoresistant
material can be method for manufacturing dies and molds is pro-   done on a
large quantity basis as long as the vided which takes advantages of the
advances in  40  sheets are stored and handled with care in prep- the field
of polymer science.                     aration of work pieces. Exposure
and etching oper- In this connection, chemical etching or machin-  ations
are fairly fast, e.g., for a sheet of metal .01 ing is a process in which
material is removed by  inch thick, it will take from 10 to 30 minutes to
do chemical and electrochemical dissolution of pref-  bath etching. Since
all cross-sections can be erentially exposed surfaces of a work piece. This
45  etched simultaneously, the process is principally process, which is
also known as chemical milling,  dependant upon the art work production.
photo fabricating and photo etching, possesses        After the etching has
been completed and the many technical and economical advantages in the
photoresistant material has been removed, the manufacture of flat metal
components. Parts of    sheets must be stacked together and laminated in
intricate design, such as computer chips and print-  so  a brazing furnace.
Upon completion of the brazing ed circuit boards, are produced by this
method.   process, a monolithic die, mold, prototype or other Because the
metal is removed not only very     object will exist from the
three-dimensional object precisely but also without the use of mechanical
formed from the individually contoured laminations. force and heat,
problems of dross, burned edges,  Depending upon the final application for
the object, stress, strain, warping and burrs are avoided. The   55
surface coating or finishing can be performed as tooling costs are small
compared with conventional  previously described. or numerical control
tooling and time costs are       As shown in Fig. 5, the brazed part will
have a reduced because of the comparatively rapid tur-   step-like
geometry, but the step edges can be 10    
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grinding before the surface is coated.  individually contoured laminations.
The operation As previously mentioned, the surface can be coat-
controlling means includes a computer assisted ed using the electroless
nickel process or other   drafting station 212 for entering data concerning
finishing technique to achieve desired tolerances  the three-dimensional
object and means 214 for and surface finishes.                          5
transferring operation controlling signals to the With regard to the
sheet-like material utilized  lamination forming means. The lamination
assem- for the individually contoured laminations in the   bling includes
means 216 for moving the powder laser cutting process and the chemical
etching      receiving platform 206 in cyclical fashion from the process,
it will be understood that this is preferably  powder storing and supplying
station 202 to the a "bimaterial" meaning that it is comprised of more  10
powder compressing means 208 and to the integral than a single material.
For instance, It may com-   bonding means 210. Preferably, the powder com-
prise a bimetallic material such as steel clad with  pressing means 208
includes a heated roller 218 copper, or it may comprise a metal covered
with     controlled by an actuator 220 regulated to control adhesive, or it
may comprise a plastic covered with  the force of the roller 218 on the
powder 204 to adhesive, depending upon the exact process uti-  15  achieve
bonding during compression. lized, i.e., whether the individually contoured
lami-  As will be appreciated from Fig. 16, the integral nations will be
integrally bonded by means of braz-  bonding means 210 preferably comprises
a com- ing or through applied pressure. In addition, either  puter
interfaced laser scanner. The computer inter- or both sides of the
principal portion of the sheet-  faced laser scanner 210 is adapted to
integrally like material may be suitably covered with the   20  bond at
least some of the powder 204 formed into bonding material.
a layer as at 222 on the platform 206 which is As mentioned previously in
connection with the  compressed by the roller 218. After this has been
utilization of a bimetallic material, the principal ma-  done, the
integrally bonded powder comprises one terial will comprise on the order of
70 to 98% of   of the individually contoured laminations. the sheet-like
material with the bonding material  25  As will be appreciated, the
platform moving comprising on the order of 2 to 30% of the sheet-   means
216 is a conveyor. Also, the station 202 for like material. It will be
appreciated, of course, that  storing and supplying the powder is
preferably in the case of a bimetallic material, the principal  disposed
above an upper surface of the conveyor material should have a melting point
sufficiently  216. In addition, a recirculation container 224 is higher
than the bonding material so that the princi-  30  preferably disposed
below the upper surface of the pal material will not deform during brazing.
Simi-  conveyor 216. larly, in the case of an adhesive bond, there will be
As shown, the platform 206 is preferably at- sufficient adhesive to create
a strong bond follow-  tached to the conveyor 216 by pivotal side support
ing the application of pressure.                    mountings 226. The
platform 206 receives the pow- In order to form an integral
three-dimensional  35  der 204 so as to form the layer 222 while it is
object from individually contoured laminations, it is  disposed below the
container 202 with any excess highly desirable for the individually
contoured lami-  falling into the recirculation container 224 for peri-
nations to have the same or gradually varying       odic recirculation back
into the station 202. After shape. This can be achieved provided that each
of   the powder deposition on the platform 206, the the individually
contoured laminations comprises   40  conveyor 216 moves the platform 206
under the no more than approximately 0.125% of the entire    roller 218.
thickness of the integral three-dimensional object,    As this occurs, the
roller 218 is brought into e.g., approximately 0.030 inches (0,0762 cm)
maxi-  contact with the powder layer 222 by action of the mum thickness for
an Integral three-dimensional     linear actuator 220. The roller 218 is
preferably object up to approximately 2 feet thick. By follow-   45
electrically heated from a power supply 228 with ing these parameters, the
contour will be relatively  the force of the actuator 220 being regulated
in smooth and require a minimum of grinding prior to   order to achieve
proper bonding during compres- plating.
sion of the powder layer 222. As will be appre- Referring now to Fig. 16,
still another apparatus  ciated, the roller 218 has the advantage of having
a 200 for forming an integral three-dimensional ob-  so  small area of
contact with the powder layer 222 ject from laminations is illustrated and
includes a  meaning that a relatively small force from the ac- station 202
for storing and supplying a powder     tuator 220 is required to achieve
the desired pres- material 204. The lamination forming means in-      sure.
cludes a powder receiving platform 206, means          Next, the conveyor
216 moves the platform 208 for compressing the powder 204 on the plat-  55
206 under the computer interfaced laser scanner form 206 to a predetermined
thickness, and means    210. The scanner sinters or melts the material 210
for integrally bonding at least some of the     within the boundaries of
the cross-section des- powder 204 to complete formation of one of the
ignated by the computer assisted drafting station    21                 EP
0 272 305 B1                    22 



212 to form the required one of the individually   ually contoured
laminations such as 242 for the contoured laminations. Then, the platform
206 is   three-dimensional object. More specifically, the moved around the
drum 230 of the conveyor 216      controlling means preferably includes a
computer with excess powder 204 falling into the container    assisted
drafting station 244 for the data entering 232) after which the platform
206 returns to a   5   step and means 246 for transferring controlling
position under the station 202 for repeating the   signals therefrom.
process to form the next of the individually con-      With reference to
the apparatus and method toured laminations.
illustrated in Figs. 15 and 16, the layers such as Clearly, the apparatus
200 illustrated in detail  240 of the powder material 238 are each of a in
Fig. 16 demonstrates that powder techniques   10  thickness on the order of
0.002 to 0.020 inches can be utilized for laminated object manufacturing.
(0,005-0,050 cm) after the compressing step. It will In this process,
smaller laser beam  intensity is  also be appreciated that the compressing
step is required In comparison with cross-section cutting   performed
either by the heated roller 218 (Fig. 16) techniques, such as those
described hereinabove.    or by a heated press platform 248 (Fig. 15). In
Instead of vaporizing metal or plastic (as occurs In  is  either case, the
heated portion of the layer 222 or cutting), the material only has to be
selectively   240 is heated by a computer interfaced laser scan- heated to
a temperature that creates intermolecular  ner 210 or 250 adapted to
integrally bond at least bonds.
some of the powder material 204 or 238. At such temperatures, sintering or
melting of      In addition, it will be appreciated that the pow- particles
of material occurs. The apparatus 200   20  der material remaining after
formation of the three- implementing this powder process is simpler, e.g.,
dimensional object formed by the integrally bonded than laminating objects
from foil, since cross sec-  individually contoured laminations is removed.
This tions are created and attached to the stack at the  can be done as
illustrated in Fig. 16 by a "dump- same time. Moreover, by utilizing this
technique,   ing" method or, alternatively, by subjecting the problems
associated with non-contiguous contours  25  respective platforms 206 and
234 to vibrations are entirely avoided.
and/or impact. In this manner, the non-sintered or Referring specifically
to Fig. 15, another meth-  non-melted powder surrounding the three-dimen-
od of forming an integral three-dimensional object  sional object and
filling its holes and cavities is from lamination: is illustrated. The
method includes  loosened and leaves the part. the steps of positioning a
platform 234 under a   30   Finally, and referring to Fig. 15, the method
station 236 for storing and supplying a powder     can utilize metal,
plastic or ceramic powder 238. material 238, depositing a quantity of the
powder  The powder 238 flows out of the container 236 material 238 on the
platform 234 to form a layer   through sieve 252 and this deposition
process can 240 of the powder material 238 of a predetermined   be enhanced
by vibrating the container 236. Prefer- thickness, compressing the layer
240 of the pow-   35  ably, the platform 234 stays in this position until
der material 238 to cause the powder material to   the powder layer 240 of
desired thickness is de- be formed into a coherent mass, heating at least a
posited. portion of the layer 240 of the powder material 238    As
previously mentioned, the powder layer 222 to form an individually
contoured lamination 242,   or 240 is compressed by the action of the
heated [err] repeating the depositing, compressing and   40  roller 218 or
heated press platform 248. At this heating steps to form a plurality of
individually  stage, some intermolecular bonds are formed and contoured
laminations (such as 242). With this     the powder layer 222 or 240 is
attached to the method, the individually contoured laminations
platform 206 or 234 or to the next adjacent layer such as 242 are each
integrally bonded to the next  where one or more layers has already been
adjacent of the individually contoured laminations   45  formed. Although
the bonds are fairly weak, the by the heating steps.
compressed powder 204 or 238 stays attached Preferably, the method includes
forming the     even if the platform 206 or 234 is turned upside-
individually contoured laminations such as 242 to a  down. thickness
substantially the same as the thickness      Referring to Fig. 15 in
particular, the image of of the layers such as 240. It also includes
providing   so  the cross-section 254 on the computer assisted means for
controlling the depositing, compressing  drafting station 244 is rasterized
by a computer. and heating steps to provide the individually con-  The
geometrical information about the cross-sec- toured laminations such as 242
for the three di-   tion 254 is transmitted from the computer to the
mensional object to be formed thereby. It further  computer interfaced
laser scanner 250 which scans includes entering data concerning the
three-dimen-  55  the surface of the compressed powder 238 within sional
object into the controlling means and there-  the boundaries of the
cross-section with a laser after instructing the controlling means to cause
the  beam. Further, the laser beam is automatically fo- powder material 238
to be formed into the individ-  cused on the surface of the cross-section,
its en- 12    23                 EP 0 272 305 B1                    24 



ergy is delivered in pulses (one pulse per raster      material and means
for cutting said sheet-like dot), and the pulse energy is regulated in
order to    material into said planar shapes at said cutting sinter or melt
the material to the depth equal to the  position, said cutting means
including a laser thickness of the cross-section.
beam generating device (34) operatively asso- With reference to the
description of Figs. 15   5   ciated with said work station, means (52) for
and 16, the apparatus can suitably become a com-       focusing a laser
beam from said generating puter peripheral for tool-less manufacturing of
virtu-  device (34) onto said sheet-like material at said ally any part
that can be created on the computer      cutting position (32), and means
(54,56) for screen. Although some secondary surface finishing
displacing said laser beam in response to said of a three-dimensional
object produced by the ap-   10  data over said sheet-like material to form
said paratus may be required, the apparatus results in      planar shapes
at said cutting position (32), said an ideal method for near-net-shape
manufacturing.      means for focusing and directing said laser beam
including a lens (52) and a pair of mir- Claims
rors (54,56), said mirrors (54,56) being spaced 15     from said generating
device, said lens and one 1. Apparatus for producing an integral three-di-
another, said means for directing said laser mensional object (22) from
computer data, the       beam including a positioning table (58) sup-
apparatus comprising a storage station (26) for     porting said mirrors
(54,56) for axial movement storing and supplying sheet-like material to
along mutually perpendicular axes, said posi- form said object (22), a
computer (36) operable  20  tioning table (58) supporting one of said mir-
to generate data defining a series of planar        rors for movement
towards and away from said shapes corresponding to a succession of par-
generating device, said positioning table (58) allel sections taken
progressively through said    supporting the other of said mirrors for
move- object (22) at spaced intervals, a shaper (30)      ment with said
one of said mirrors, said posi- for receiving material from said storage
station   25  tioning table (58) also supporting the other of (26) and
responsive to said data from said         said mirrors for movement toward
and away computer (36) to convert said material into a       from said one
of said mirrors, said mirrors plurality of laminations (24) each  having
moving in a plane generally parallel to the shapes corresponding to said
planar shapes, a       plane of said sheet-like material at said cutting
stacker (38) for receiving said laminations from   30  position, said
positioning table (58) supporting said shaper (30) and arranged to stack
said        said lens (52) for movement with the other of laminations (24)
successively one on top of the     said mirrors such that said lens is
adapted to other in an order corresponding to the order of     move with
said mirrors in a plane generally succession of said planar sections,
locating        parallel to the plane of said mirrors (54,56), means (78)
cooperating with the stacker for  35     said lens (52) also being
supported to move ensuring the correct attitude of each lamination    along
an axis generally perpendicular to the (24) in said stack and bonding means
for            plane of said mirrors (54,56). bonding said laminations
together to form said three-dimensional objects (22) characterised in  3.
Apparatus according to Claim 1 characterised that said sheet like material
is a bimaterial in  40  in that said computer comprises a computer which
one material is the primary material for      assisted drafting section
(36) for entering de- the lamination and the other material is a
tails concerning said three-dimensional object bonding material for
achieving an integral bond     and means associated with said computer as-
between laminations when subject to heat            sisted drafting station
for generating said data and/or pressure, and further characterised in  45
for said shaper and also including means asso- that said bonding means
includes pressure           ciated with said computer assisted drafting
and/or heating means for effecting an inte-         section for determining
the thickness of said grated bond between adjacent laminations (26)
individually contoured laminations, for deter- and control means responsive
to the stacker         mining the individual contours of each of said for
actuating said pressure and/or heating   50     individually contoured
laminations, for deter- means to integrally bond each lamination upon
mining the sequence of forming said individ- being stacked to the
immediately adjacent           ually contoured laminations, and for
determin- lamination (26) during an interval before the       ing the
sequence of assembling said individ- next successive lamination is stacked
thereon.      ually contoured laminations into said three-di- 55
mensional object, said determining means be- 2. Apparatus according to
Claim 1 characterised        ing operative to ensure for each of said
individ- in that said shaper (30) includes a work station    ually
contoured laminations that, after the having a position (32) for cutting
said sheet-like  thickness and individual contours have been 13    23
EP 0 272 305 B1                      24 



ergy is delivered in pulses (one pulse per raster         material and
means for cutting said sheet-like dot), and the pulse energy is regulated
in order to       material into said planar shapes at said cutting sinter
or melt the material to the depth equal to the     position, said cutting
means including a laser thickness of the cross-section.
beam generating device (34) operatively asso- With reference to the
description of Figs. 15    5    ciated with said work station, means (52)
for and 16, the apparatus can suitably becomea com-        focusing a laser
beam from said generating puter peripheral for tool-less manufacturing of
virtu-    device (34) onto said sheet-like material at said ally any part
that can be created on the computer         cutting position (32), and
means (54,56) for screen. Although some secondary surface finishing
displacing said laser beam in response to said of a three-dimensional
object produced by the ap-   10    data over said sheet-like material to
form said paratus may be required, the apparatus results in         planar
shapes at said cutting position (32), said an ideal method for
near-net-shape manufacturing.         means for focusing and directing said
laser beam including a lens (52) and a pair of mir- Claims
rors (54,56), said mirrors (54,56) being spaced is      from said
generating device, said lens and one 1. Apparatus for producing an integral
three-di-         another, said means for directing said laser mensional
object (22) from computer data, the       . beam including a positioning
table (58) sup- apparatus comprising a storage station (26) for
porting said mirrors (54,56) for axial movement storing and supplying
sheet-like material to          along mutually perpendicular axes, said
posi- form said object (22), a computer (36) operable   20  tioning table
(58) supporting one of said mir- to generate data defining a series of
planar         rors for movement towards and away from said shapes
corresponding to a succession of par-          generating device, said
positioning table (58) allel sections taken progressively through said
supporting the other of said mirrors for move- object (22) at spaced
intervals, a shaper (30)        ment with said one of said mirrors, said
posi- for receiving material from said storage station   25  tioning table
(58) also supporting the other of (26) and responsive to said data from
said            said mirrors for movement toward and away computer (36) to
convert said material into a         from  said one of said mirrors, said
mirrors plurality  of laminations  (24) each  having          moving in a
plane generally parallel to the shapes corresponding to said planar shapes,
a         plane of said sheet-like material at said cutting stacker (38)
for receiving said laminations from    30  position, said positioning table
(58) supporting said shaper (30) and arranged to stack said           said
lens (52) for movement with the other of laminations (24) successively one
on top of the       said mirrors such that said lens Is adapted to other in
an order corresponding to the order of       move with said mirrors in a
plane generally succession of said planar sections, locating
parallel to the plane of said mirrors (54,56), means (78) cooperating with
the stacker for   35      said lens (52) also being supported to move
ensuring the correct attitude of each lamination      along an axis
generally perpendicular to the (24) in said stack and bonding means for
plane of said mirrors (54,56). bonding said laminations together to form
said three-dimensional objects (22) characterised in   3. Apparatus
according to Claim 1 characterised that said sheet like material is a
bimaterial In  40  In that said computer comprises a computer which one
material is the primary material for        assisted drafting section (36)
for entering de- the lamination and the other material is a
tails concerning said three-dimensional object bonding material for
achieving an integral bond       and means associated with said computer
as- between laminations when subject to heat             sisted drafting
station for generating said data and/or pressure, and further characterised
in  45    for said shaper and also including means asso- that said bonding
means includes pressure             ciated with said computer assisted
drafting and/or heating means for effecting an inte-           section for
determining the thickness of said grated bond between adjacent laminations
(26)        individually contoured laminations, for deter- and control
means responsive to the stacker           mining the individual contours of
each of said for actuating said pressure and/or heating   50
individually contoured laminations, for deter- means to integrally bond
each lamination upon         mining the sequence of forming said individ-
being stacked to the immediately adjacent             ually contoured
laminations, and for determin- lamination (26) during an interval before
the         ing the sequence of assembling said individ- next successive
lamination is stacked thereon.        ually contoured laminations into said
three-di- 55      mensional object, said determining means be- 2. Apparatus
according to Claim 1 characterised           ing operative to ensure for
each of said individ- in that said shaper (30) includes a work station
ually contoured laminations that, after the having a position (32) for
cutting said sheet-like    thickness and individual contours have been 13
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determined, the sequence of forming said in-         ble, said pick-up
plate (68) being adapted to dividually contoured laminations is such that
be placed in contact with said individually con- each of the individual
contours does not con-        toured laminations at said cutting position
of tain any other included contour.                     said work station
to be electromagnetically at- 5       tached thereto, said positioning
table being 4. Apparatus as defined by Claim 1 characterised
adapted to move said individually contoured in that said shaper (30)
includes a work station     laminations from said cutting position of said
having a position (32) for cutting said sheet-like   work station to a
stacking location in said material and means for cutting said sheet-like
stacker (38), said individually contoured lami- material into said required
shapes at said cut-  10  nations (24) thereafter being adapted to be ting
position, said stacker (38) including an        released from said pick-up
plate (68) at said assembly station having a location for stacking
stacking location of said stacker; and said said individually contoured
laminations and          bonding means (34) comprising means for means for
moving said individually contoured         spot brazing of said
individually contoured laminations from said cutting position of said   15
laminations with said laser beam  generating work station to said stacking
location of said       device. assembly station, said moving means being an
electromagnetically operated pick-up plate (68)  6. The apparatus as
defined by Claim 1 charac- movable between said cutting position of said
terised in that said shaper (30) includes a work work station and said
stacking location of said   20  station having a position for cutting said
sheet- assembly station, said sheet-like material being     like material
and means for cutting said sheet- a sheet metal ribbon (28) stored on a
roll at        like material into said required shapes at said said storage
station (26) and including a feed-      cutting position, said stacker (38)
including an ing mechanism for advancing said ribbon (28')        assembly
station having a location for stacking from said roll to said cutting
position of said   25  said individually contoured laminations, and work
station, said stacker (38) including a          means for moving said
individually contoured spring biased stacking plate (72) at said stack-
laminations (24) from said cutting position of ing location, said stacking
plate (72) being         said work station to said stacking location of
disposed for axial movement in a stack holder        said stacker, said
moving means comprising adapted to receive and retain said individually  30
conveyor belt for transporting said individually contoured laminations on
said stacking plate         contoured laminations from said cutting posi-
(72), said stack holder being adapted for limit-    tion of said work
station to said stacking loca- ing movement in a plane parallel to the
plane       tion of said stacker (38), said material stored of said
stacking plate (72), said stack holder       by said storage station being
a sheet-like plas- (74) including a retaining lip (76) adapted to  35   tic
ribbon having said bonding component in cooperate with said spring biased
stacking          the form of a pressure sensitive adhesive on plate to
retain said individually contoured lami-   the top thereof covered with a
surface protect- nations therebetween, said individually con-        ing
tape, and including means for removing toured laminations each having an
identical          said tape before said plastic ribbon enters said
generally rectangular outer contour, said stack-   40  cutting position of
said work station, said stack- ing plate (72), stack holder (74) and
retaining      er (38) comprising a stacking device including lip (76)
cooperating with said generally rectan-     a movable plate at a stacking
location, said gular outer contour to assemble said individ-        plate
being disposed on a stacking platform for ually contoured laminations (24)
into the form       axial movement to press each individually con- of said
three-dimensional object (22), said lo-   45  toured lamination assembled
on said plate to cating means comprising a pair of locating          the
next adjacent individually contoured lami- pins (78) adapted to precisely
position said         nation carried from said cutting position of said
individually contoured laminations (24) into the     work station to said
stacking location of said form of said three-dimensional object (22), said
assembly station, and said actuating means individually contoured
laminations each having   so  comprises a load cell associated with said a
pair of pin-receiving locating holes in said       plate to ensure a force
sufficient to cause a generally rectangular outer contour outwardly
permanent adhesive bond between said in- of any inner contour thereof.
dividually contoured laminations. 5. Apparatus according to Claim 2
characterised   55   7. Apparatus as defined by Claim 1 characterised by an
electromagnetically operated pick-up          in that said shaper (30)
includes a plurality of plate (68) operatively associated with the lens
work stations each having a position for cutting (52) supporting portion of
said positioning ta-      said sheet-like material and means for cutting 14
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sheet-like material into said required          toured laminations to said
stacker. 



shapes at said cutting positions, said cutting means including a single
laser beam generat-      10. Apparatus according to Claim 1 characterised
ing device (50) operatively associated with           in that said shaper
(30) includes a plotter for each of said work stations through a beam    5
producing said planar shapes for use as art- splitter, said cutting means
also including           work for chemical etching directly on said means
for directing and focusing laser beams          sheet-like material for
said integral three-di- from said beam splitters onto said sheet-like
mensional object, said sheet-like material for material at said cutting
positions, said stacker      said integral three-dimensional object
compris- comprising a single assembly station having a   10    ing a sheet
coated with a photoresistant ma- location for stacking said individually
contoured     terial for exposure to ultraviolet light, said laminations
(24) from all of said work stations       shaper (30) further including an
etching station and means for moving said individually con-           to
receive said coated sheet after said negative toured laminations from said
cutting positions        image has been produced directly thereon. of said
work stations to said stacking location   15 of said single assembly
station.                  11. Apparatus according to any one of Claims 1 to
10 characterised in that said sheet-like material 8. An apparatus according
to Claim  1 charac-             is a bimaterial ribbon sized such that any
sin- terised in that said shaper (30) includes a           gle one of said
individually contoured lamina- plotter for producing said planar shapes as
a   20    tions comprises no more than 0.125%  of the negative image on a
separate sheet-like ma-           total thickness of said integral
three-dimen- terial for use as artwork for chemically etching      sional
object defined by all of said individually said sheet-like material for
said integral three-     contoured laminations. dimensional object (22),
said sheet-like ma- terial for said integral three-dimensional object   25
12. A method for producing an integral three-di- comprising a sheet coated
with a photoresist-         mensional object from  computer data, the ant
material for exposure to ultraviolet light,       method comprising steps
of supplying a sheet- said shaper further including an etching station
like material to form said object, generating to receive said coated sheet
after attachment         data defining a series of planar shapes cor- of
said separate sheet-like material bearing   30     responding to a
succession of parallel sections said negative image, said separate
sheet-like         taken progressively through said object at material used
as artwork being a ribbon having        spaced intervals, shaping said
material in ac- areas transparent to passage of ultraviolet light,
cordance with said data to convert the material said ribbon being moved at
the same speed as          into a plurality of laminations each coated with
said coated sheet for said three-dimensional   35     said bonding
component and having shapes object, said ribbon preferentially exposing
said      corresponding to said shapes, stacking said coated sheet to
ultraviolet light.                    laminations successively one on top
of the other in an order corresponding to the order of 9. Apparatus
according to Claim 1 characterised           successions of said planar
sections, locating in that said shaper (20) includes a plotter for   40
each lamination as it is stacked and bonding producing said required shapes
as a negative          said laminations together to form said three- image
on a separate sheet-like material for use       dimensional object
characterised in that said as artwork for chemical etching said sheet-like
sheet-like material is a bimaterial in which one material for said integral
three-dimensional ob-      material is the primary material for the lamina-
ject (22), said sheet-like material for said in-   45  tion and the other
material is a bonding ma- tegral three-dimensional object comprising a
terial for achieving an integral bond between sheet coated with a
photoresistant material for       laminations when subject to heat and/or
pres- exposure to ultraviolet light, said shaper (30)       sure and
further characterised by the step of further including an etching station
to receive       applying heat and/or pressure to integrally said coated
sheet after attachment of said sep-   50  bond each lamination upon being
stacked to arate sheet-like material bearing said negative       the
immediately adjacent lamination (26) dur- image, the apparatus further
including a con-         ing an interval before the next successive lami-
veyor moving parallel to the direction of move-       nation is stacked
thereon. ment of said separate sheet-like material and said coated sheet
and also including another   55   13. The method according to Claim  12
charac- conveyor moving in a direction perpendicular          terised in
that the step of shaping includes to the direction of movement of said
first con-       focusing a laser beam  onto said sheet-like veyor for
transporting said individually con-         material and displacing said
laser beam about    29                 EP 0 272 305 B1
30 said sheet-like material to form said planar        bonding material of
said individually contoured shapes.
laminations as they are stacked and including 



the steps of furnace brazing said three-dimen- 4. A method according to
Claim 12 characterised       sional object when completed and grinding the
in that the step of generating data comprises   5  three-dimensional object
after furnace brazing. entering data concerning said three-dimension- al
object into a computer assisted drafting sta-  20. A method according to
Claim 19 characterised tion determining the thickness of said individ-
by the step of plating the three-dimensional ually contoured laminations,
determining the       object after furnace brazing. individual contours of
each of said individually  10 contoured laminations, determining the se-
21. A method according to Claim 12 characterised quence of forming said
individually contoured      in that the material is supplied as a
sheet-like laminations, and determining the sequence of       ribbon of
metal having a bonding component assembling said individually contoured
lamina-     of pressure sensitive adhesive on the top tions into said
three-dimensional object, and   15  thereof covered with a surface
protecting tape, ensuring that after the thickness and individual    and
including the step of removing said tape contours have been determined, the
sequence         before the shaping step. of forming said individually
contoured lamina- tions is such that each of the individual con-  22. A
method according to Claim 12 characterised tours does not contain any other
included con-  20  in that the material Is supplied in sheet-like tour.
form and in that the step of shaping said material comprises simultaneously
cutting a 15. A method according to Claim 12 characterised       plurality
of different laminations from  said in that said shaping step comprises
cutting        sheet using a single laser beam and a beam said sheet-like
material into said planar shapes   25  splitter, said cutting step
comprising directing at a cutting position, in that said stacking step
and focusing laser beams from  said beam comprises moving said individually
contoured       splitters onto said sheet-like material at dif- laminations
from  said cutting position to a       ferent cutting positions; and in
that said step of stacking location, and in that said locating step
generating data includes determining the thick- comprises using a pair of
pin-receiving locating   30  ness of said individually contoured
laminations, holes in each lamination to align said individ-
determining the individual contours of each of ually contoured laminations
with respect to one     said individually contoured laminations, deter-
another.                                            mining the sequence of
forming said individ- ually contoured laminations, determining the 16. A
method according to Claim 12 characterised   35  sequence of assembling
said individually con- in that said shaping step comprises cutting
toured laminations into said three-dimensional said sheet-like material
into said planar shapes    object, and ensuring that the sequence of for-
and so that any non-continguous portions of         ming said laminations
is such that each of the the individually contoured laminations are con-
individual contours does not contain any other nected by at least one
connecting strip.    40       included contour. 17. A method according to
Claim 13 characterised   23. A method according to Claim 12 characterised
by the step of furnace brazing said integral       in that said material is
supplied in the form of three-dimensional object and removing said
sheet-like ribbon of metal having a bonding connecting strips after said
furnace brazing.  45   component of pressure sensitive adhesive on the top
thereof covered with a surface protect- 18. A method according to any one
of Claims 12         ing tape, and including the step of removing to 16
characterised in that said shaping step      said tape before said shaping
step; in that said includes providing each of said individually
actuating step comprises pressing each lami- contoured laminations with an
outer periphery  so   nation to the next adjacent lamination to cause
having a constant size and shape, and provid-       a permanent adhesive
bond between said in- ing each of said individually contoured lamina-
dividually contoured laminations, in that said tions with at least two
pin-receiving locating      shaping step comprises producing said re- holes
adjacent said outer periphery.                quired shapes as a negative
image on a sepa- 55      rate sheet-like material for use as artwork for
19. A method according to any preceding claim          chemical etching
said sheet-like material for characterised in that the step of applying
heat     said integral three-dimensional object, said and/or pressure
comprises spot brazing the         sheet-like material for said integral
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mensional object comprising a bimaterial sheet    ten, wobei die
Vorrichtung folgendes aufweist: coated with a photo-resistant material for
expo-    eine Speicherstation (26) zur Lagerung und sure to ultraviolet
light, and including the steps  Versorgung von blattahnlichem Werkstoff,
aus 



of etching said coated bimaterial sheet after       dem  der Korper (22)
aufgebaut wird; einen covering with said separate sheet-like material   6
Rechner (36) zum Erzeugen von Daten, die bearing said negative image, said
separate         eine Reihe von Flachenprofilen, die einer Fol- sheet-like
material used as artwork and being a     ge von in Abstanden schrittweise
durch den ribbon transparent to the passage of ultraviolet    Korper (22)
vorgenommenen parallelen Schnit- light, moving said ribbon at the same
speed as     ten entsprechen, definieren; eine Formungsvor- said bimaterial
sheet and preferentially expos-  10  richtung (30), die den Werkstoff von
der Spel- ing said bimaterial sheet to ultraviolet light     cherstation
(26) erhalt und entsprechend den through said ribbon.
Daten des Rechners (36) den Werkstoff in elne Vielzahl von Schichten (24)
umwandelt, von 24. A method according to Claim 12 characterised       denen
jede eine den FlAchenprofilen entspre- in that the material is supplied as
a sheet-like   16  chende Form hat; eine Ablage (38), die die ribbon of
metal having a bonding component          Schichten von der
Formungsvorrichtung (30) of pressure sensitive adhesive on the top
aufnimmt und in der die Schichten (24) aufeln- thereof covered with a
surface protecting tape,     ander in einer der Folge der Flachenschnitte
and including the step of removing said tape        entsprechenden
Reihenfolge ablegbar sind; before said shaping step, said actuating step
20  eine Haltevorrichtung (78), die mit der Ablage comprises pressing each
laminations to the          so zusammenwirkt, daB die richtige Lage Jeder
next adjacent lamination as it is stacked to       Schicht (24) im Stapel
gew~hrleistet ist; und cause a permanent adhesive bond between
eine Verbindungsvorrichtung zum  Verbinden said individually contoured
laminations, said       der Schichten zum  dreidimensionalen Ver- shaping
step comprising producing said re-  2S      bundkorper (22), dadurch
gekennzelchnet, quired shapes as a negative image on a sepa-        daB der
blattihnliche Werkstoff aus zwei Werk- rate sheet-like material for use as
artwork for     stoffen besteht, wobel der elne Werkstoff den chemical
etching said sheet-like ribbon, said       Hauptwerkstoff flr die Schicht
darstellt und der sheet-like ribbon comprising a bimaterial sheet
andere Werkstoff ein Haftwerkstoff ist, mit dem coated with a
photo-resistant material for expo-  30  be! Warme- und/oder Druckeinwirkung
eine sure to ultraviolet light, and including the step   vollstandige
Verbindung der Schichten errelcht of etching said coated bimaterial sheet
after       ist; und daB die Verbindungsvorrichtung einen covering with
said separate sheet-like material     Druck- und/oder W~rmeerzeuger flr
eine bearing said negative image.                        gleichmaBige
Verbindung    benachbarter 35      Schichten (26) und eine
Steuervorrichtung auf- 25. A method according to Claim 24 characterised
weist, die in Abhangigkeit von der Ablage den in that both said separate
sheet-like material      Druck- und/oder Warmeerzeuger betatigt, um and
said ribbon have perforations adapted to        so jede Schicht beim
Stapeln mit der unmittel- cooperate with sprockets, and in that the shap-
bar benachbarten Schicht (26), wahrend elnes ing step comprises drawing the
separate  40         Zeitraumes, bevor die ndchstfolgende Schicht
sheet-like material and ribbon at equal speeds.     darauf abgelegt ist,
vollstandig zu verbinden. 26. A method according to Claim 25 characterised
2. Vorrichtung nach Anspruch 1, dadurch gekenn- in that said sheet-like
material contains artwork   zeichnet, daB die Formungsvorrichtung (30) for
more than one of said individually con-   4s    eine Arbeitsstation
besitzt, die eine Position toured laminations in a single row.
(32) zum Schneiden des blattahnlichen Werk- stoffs einnimmt und eine
Vorrichtung zum 27. A method according to Claim 25 characterised
Schneiden des blattihnlichen Werkstoffs in die by the step of displacing
said sheet-like ma-       Flachenproflle in der Schneidposition aufwelst,
terial and ribbon in a first direction during said  50  daB die
Schneidvorrichtung einen Laserstrahl- shaping step and thereafter
displacing said         generator (34), der funktionell der Arbeitssta-
laminations in a perpendicular direction before    tion zugeordnet ist,
eine Vorrichtung (52) zum said stacking step.
Fokussieren eines Laserstrahls vom Generator (34) auf den blattAhnilchen
Werkstoff an der PatentansprUche                                55
Schneidposition  (32) und elne Vorrichtung (54,56) zum FUhren des
Laserstrahis Uber den 1. Vorrichtung zur Herstellung eines dreidimen-
blattahnlichen Werkstoff entsprechend den Da- sionalen Verbundk6rpers (22)
aus Rechnerda-         ten, um die Flachenprofile an der Schneidposi- 17
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||||| l||i || || * C   L   M   S   f tion (32) zu erzeugen, daB die
Vorrichtung zum      eine Arbeitsstation besitzt, die eine Position
Fokussieren und Ausrichten des Laserstrahls        (32) zum Schneiden des
blattahnlichen Werk- eine Linse (52) und einem Spiegelpaar (54,56)
stoffs einnimmt und elne Vorrichtung zum 



K.- aufweist, daB die Spiegel (54,56) zum Genera-        Schneiden des
blattahnlichen Werkstoffs in die tor, zur Linse und untereinander im
Abstand   5     erforderlichen Profile in der Schneidposition angeordnet
sind, daB die Vorrichtung zum Aus-       aufweist, daB die Ablage (38) eine
Montagesta- richten des Laserstrahls einen die Spiegel         tion mit
einem Ort zum Stapein der individuell (54,56) ffr Axialbewegungen entlang
zueinan-        profilierten Schichten und eine Vorrichtung der senkrechter
Achsen haltenden Positionie-        zum Transportieren der individuell
profilierten rungstisch (58) aufweist, daB der Positionie-  10   Schichten
von der Schneidposition der Arbeits- rungstisch (58) einen der Spiegel zur
Bewe-         station zum Stapelort der Montagestation auf- gung zum
Generator hin und von ihm weg halt,        weist, daB die
Transportvorrichtung eine zwi- daB der Positionierungstisch (58) den
anderen      schen der Schneidposition der Arbeltsstation der Spiegel zur
Bewegung mit dem einen der          und dem Stapelort der Montagestation
beweg- Spiegel halt, daB der Positlonierungstisch (58)  7s  liche,
elektromagnetisch betriebene Aufnahme- auch den anderen der Spiegel zur
Bewegung           platte (68) Ist, daB der blattahnflche Werkstoff zum
einen der Spiegel hin und von ihm wag          ein auf einer Rolle an der
Speicherstation (26) halt, daB sich die Spiegel in einer Ebene im
aufgerolltes Blechband ist und einem Zufflhr- wesentlichen parallel zur
Ebene des blattahnli-     mechanismus zum Abziehen des Bandes (28') chen
Werkstoffs an der Schneidposition bewe-  20    von der Rolle zur
Schneidposition der Arbeits- gen, daB der Positionierungstisch (58) die
Lin-     station zugeordnet ist, daB die Ablage (38) elne se (52) zur
Bewegung mit dem anderen der            durch eine Feder vorgespannte
Stapelplatte Spiegel derart hilt, daB die Linse mit den         (72) am
Ablageort aufweist, daB die Stapelplat- Spiegeln in einer Ebene im
wesentlichen paral-     te (72) fOr eine axiale Bewegung in einemr lel zur
Ebene der Spiegel (54,56) bewegbar ist,  25  Stapelhalter ausgelegt ist und
die individuell und daB die Linse (52) auch entlang einer im
profilierten Schichten aufnehmen und halten wesentlichen senkrecht zur
Ebene der Spiegel        kann, daB der Stapelhalter far eine profilierte
(54,56) befindlichen Achse bewegbar gehalten        Bewegung in elner Ebene
parallel zur Ebene ist.                                                der
Stapelplatte (72) ausgelegt ist, daB der 30      Stapelhalter (74) eine
Begrenzungskante (76) 3. Vorrichtung nach Anspruch 1, dadurch gekenn-
aufweist, die mit der durch eine Feder vorge- zeichnet, daB der Rechner
eine computerunter-       spannten Stapelplatte zum Festhalten der indi-
stUtzte Entwurfssektion (36) zur Eingabe von        viduell profllerten
Schichten zusammenwirken den dreidimensionalen  Korper betreffenden
kann, daB jede der individuell profilierten Details, ferner eine
Vorrichtung, die der corn-  35  Schichten eine identische, im  allgemeinen
puterunterstUtzten Entwurfssektion zugeordnet       rechteckige Au~enkontur
aufweist, daB die Sta- ist, urn die Daten flr die Formungsvorrichtung
pelplatte (72), der Stapelhalter (74) und die zu erzeugen, und auch eine
der computerun-          Begrenzungskante (76) mit der im allgemeinen
terstUtzten Entwurfssektion zugeordnete Vor-       rechteckigen AuBenkontur
zur Montage der in- >   richtung zum Bestimmen der Dicke der indivi-  40
dividuell profilierten Schichten (24) zur Form duell profilierten
Schichten, zum  Bestimmen        des dreidimensionalen K6rpers (22) zusam-
der individuellen Konturen jeder der individuell    menpalt, daB die
Haltevorrichtung ein Paar profilierten Schichten zum Bestimmen der Fol-
Haltestifte (78) aufweist, die die individuell pro- ge der Formung der
individuell profilierten         filierten Schichten (24) genau in die Form
des Schichten, und zum Bestimmen der Reihenfol-  4s     dreidimensionalen
Korpers (22) positionleren, ge der Montage der individuell profilierten
und dal3 jede der individuell profilierten Schich- Schichten zum
dreidimensionalen Kdrper auf-        ten ein Paar Stiftaufnahmel6cher in
der alige- weist, wobei die Bestimmungsvorrichtung fOr         mein
rechteckigen AuBenkontur auBerhalb ei- jede der individuell profilierten
Schichten si-     ner Innenkontur aufweist. cherstellt, daB, nachdem  die
Dicke und die  5o individuellen Konturen bestimmt worden sind,    5.
Vorrichtung nach Anspruch 2, dadurch gekenn- die Reihenfolge der Formung
der individuell         zeichnet, daB eine der Unse (52) betriebsma-
profilierten Schichten derart ist, daB jede der     Big zugeordnete
elektromagnetisch betriebene individuellen Konturen keine andere enthaltene
Aufnahmeplatte (68) einen Toil des Positionie- Kontur aufweist.
56       rungstisches unterstltzt, daB die Aufnahme- platte (68) mit den
individuell profilierten 4. Vorichtung nach Anspruch 1, dadurch gekenn-
Schichten an der Schneidposition der Arbeits- zeichnet, daB die
Formungsvorrichtung (30)          station in Kontakt bringbar und daran
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full   I   M   !   * magnetisch haltbar ist, daB mit dem Positionie-     in
die erforderlichen Profile in der Schneidposi- rungstisch die individuell
profillerten Schichten  tion aufwelst, daB die Schneidvorrichtung einen von
der Schneidposition der Arbeitsstation zum      einzelnen
Laserstrahigenerator (50) aufweist, 



"-'    Stapelort der Ablage (38) transportierbar ist,      der funktionell
jeder, der Arbeitsstationen daS die Individuell profilierten Schichten (24)
5  durch eine Strahlenzerlegungsvorrichtung zu- danach von der
Aufnahmeplatte (68) am Sta-          geordnet ist, daB die
Schneidvorrichtung auch pelort der Ablage freigebbar sind und daB die
eine Vorrichtung zum Ausrichten und Fokus- Verbindungsvorrichtung (34) eine
Vorrichtung       sieren der Laserstrahlen von der Strahlenzerle- zum
PunktschweiBen der individuell profilierten     gungsvorrichtung auf den
blattahnlichen Werk- Schichten mit dem  Laserstrahigenerator auf-  10
stoff an den Schneidpositionen aufweist, daB weist.
die Ablage eine einzelne Montagestatlon auf- weist, die einen Ort zum
Stapein der individuell 6. Vorrichtung nach Anspruch 1, dadurch gekenn-
protilierten Schichten (24) aller Arbeitsstationen zeichnet, daD die
Formungsvorrlchtung (30)          und eine Vorrichtung besitzt, um die
individuell eine Arbeltsstation besitzt, der elne Position  1?
profillerten Schichten von den Schneldpositlo- zum Schneiden des
blattahnlichen Werkstoffs         nen der Arbeitsstationen zum  Stapelort
der einnimmt und eine Vorrichtung zum Schneiden         einzelnen
Montagestation zu transportieren. des blattahnlichen Werkstoffs in die
erforderli- chen Profile in der Schneidposition aufweist,   8  Vorrichtung
nach Anspruch 1, dadurch gekenn- daB die Ablage (38) eine Montagestation
mit  20     zelchnet, daB die Formungsvorrichtung (30) 94     einem Ort zum
Stapeln der individuell profilier-    eine Zeichenelnrichtung zum  Erzeugen
von ten Schichten und eine Vorrichtung zum Trans-       Flachenprofilen als
Negativbild auf einem se- portieren der individuell profilierten Schichten
paraten blattahnlichen Werkstoff zur Nutzung (24) von der Schneidposition
der Arbeitsstation     als Druckvorlage bei chemischem Atzen des zum
Stapelort der Ablage aufweist, daS die  25      blattahnlichen Werkstoffs
fUr den dreidimensio- Transportvorrichtung  ein  F6rderband  zum
nalen Verbundk6rper (22) aufweist, daB der Transportieren  der  individuell
profilierten      blattihnliche Werkstoff fUr den dreidimensiona- Schichten
von der Schneidposition der Arbeits-      len Verbundk6rper mit einer
Schicht mit fotore- station zum Stapelort der Ablage (38) aufweist,
sistentem Werkstoff bedeckt ist, um sie ultra- dal3 der Werkstoff, der
durch die Speichersta-  30  violettem  Licht auszusetzen, daB  die For-
tion gespeichert ist, ein blattihnliches Kunst-     mungsvorrichtung
weiterhin  eine Atzstation stoffband ist, das das Haftmittel in der Form
aufweist, um die bedeckte Schicht nach dem eines druckempfindlichen
Klebers aufweist,         Anbringen des separaten blattghnlichen Werk-
dessen  Oberseite mit einem  Oberflachen-           stoffs mit dem
Negativbild zu erhalten, daB der schutzband bedeckt ist, daB eine
Vorrichtung   35   separate blattlhnliche Werkstoff, der als durch zur
Entfernung des Bandes, bevor das Kunst-         ein Band gebildete
Druckvorlage benutzt ist, stoffband die Schneidposition der Arbeitssta-
fUr ultraviolettem Licht durchsichtigen Bereich tion erreicht, vorgesehen
ist, daB die Ablage       aufweist, dal das Band mit derselben Ge- (38) ein
Stapelgerdt mit elner beweglichen          schwindigkeit wie die bedeckte
Schicht, flr Platte am Stapelort aufweist, daB die Platte an   40  den
dreidimensionalen K6rper bewegbar ist elner Stapelplattform axial bewegbar
angeord-       und daB das Band vorzugsweise die bedeckte net ist und jede
auf die Platte montierten,         Schicht ultraviolettem Licht aussetzt.
individuell profilierte Schicht auf die benach- barte individuell
profilierte Schicht, die von der  9. Vorrichtung nach Anspruch 1, dadurch
gekenn- Schneidposition der Arbeitsstation zum Stape-  45   zeichnet, daB
die Formungsvorrichtung (30) lort der Montagestation gebracht ist, drUckt,
eine Zeicheneinrichtung zum Erzeugen der er- und daO die Betriebsmittel
eine Ladevorrich-        forderlichen Profile als Negativbild auf einem
tung aufweisen, die der Platte zugeordnet ist       separatem
blattihnlichem Werkstoff zur Nut- und eine ausreichende Kraft
sicherstellen, um       zung als Druckvorlage, um den blattihnlichen eine
dauerhafte Klebeverbindung zwischen den   50   Werkstoff fOr den
dreidimensionalen Verbund- individuell profilierten Schichten zu erzeugen.
korper (22) chemisch zu Atzen, daB der blatt- ghnliche Werkstoff flr den
dreidimensionalen 7. Vorrichtung nach Anspruch 1, dadurch gekenn-
Verbundk6rper eine Schicht aufweist, die mit zeichnet, daB die
Formungsvorrichtung (30)          fotoresistentem Werkstoff 0berzogen ist,
um es eine Vieizahl von Arbeitestationen umfalt, von   55  ultraviolettem
Licht auszusetzen, daB die For- denen jede eine Position zum Schneiden des
mungsvorrichtung (30) weiterhin sine Atzsta- blattahnlichen Werkstoffs und
eine Vorrichtung     tion besitzt, um das Uberzogene Blatt nach zum
Schneiden des blattahnlichen Werkstoffs         dem Anbringen des separaten
blattihnlichen 19    37                 EP 0 272 305 B1
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ten, daB die Vorrichtung ferner eine Fordervor-    flr die Schicht
darstellt und der andere Werk- 



richtung, die sich parallel zur Bewegungsrich-      stoff ein Haftwerkstoff
!st, mit dem bei Warme- tung des separaten blattahnlichen Werkstoffs
und/oder Druckeinwirkung eine vollst~ndige und des Uberzogenen Blatts
bewegt, und eine   5     Verbindung der Schichten erreicht wird, und
weitere Fordervorrichtung aufweist, die sich in     daB der Schritt der
Warme- und/oder Druckan- einer Richtung senkrecht zur Bewegungsrich-
wendung zum vollstindigen Verbinden jeder tung der ersten Fdrdervorrichtung
bewegt. um        Schicht belm Stapeln mit der unmittelbar be- die
individuell profilierten Schichten zur Ablage   nachbarten Schicht (26)
wahrend elnes Zelt- zu transportieren.                         10
raums, bevor die n~chstfolgende Schicht dar- auf abgelegt wird,
durchgefUhrt wird. 10. Vorrichtung nach Anspruch 1, dadurch gekenn-
zeichnet, daB die Formungsvorrichtung (30)      13. Verfahren nach Anspruch
12, dadurch gekenn- eine Zeicheneinrichtung zur Erzeugung der
zeichnet, daB der Schritt der Formgebung das Flachenprofile aufweist, um
sie als Druckvorla-  16  Fokussleren eines Laserstrahis auf den blatt- ge
bei chemischem Atzen direkt auf dern blatt-      ahnlichen Werkstoff und
das FUhren des La- ahnlichen Werkstoff flr den dreidimensionalen
serstrahis um  den blattlhnhichen Werkstoff Verbundk6rper zu verwenden, daB
der blatt-          zum Formen der Flichenprofile beinhaitet. ahnliche
Werkstoff fUr den dreidimensionalen Verbundk6rper eine mit fotoresistentem
Werk-  20  14. Verfahren nach Anspruch 12, dadurch gekenn- -    stoff
Ubsrzogene und ultraviolettem Licht aus-      zeichnet, daB der Schritt der
Datenerzeugung gesetzte Schicht aufweist und daB die For-          die
Eingabe der den dreldimensionalen K6rper mungsvorrichtung (30) weiterhin
eine Atsta-         betreffenden Daten in eine computerunterstatz- tion
besitzt, um das Uberzogene Blatt, nach-        te Zeichenstation umfaiat,
zum Bestimmen der dem das Negativbild direkt darauf produziert  25    Dicke
der individuell profilierten Schichten, wurde, zu erhalten.
zum Bestimmen der individuellen Konturen je- der der individuell
profilierten Schichten, zum 11. Vorrichtung nach einem der AnsprUche 1 bis
Bestimmen der Folge des Formens der indivi- 10, dadurch gekennzeichnet, daB
der blattahn-      duell profilierten Schichten, zum  Bestimmen liche
Werkstoff ein Band aus zwei Werkstoffen   30  der Montagefolge der
individuell profilierten darstellt und so bemessen ist, daB jede einzel-
Schichten zurn dreidimensionalen K6rper und ne der individuell profilierten
Schichten nicht     zur Sicherstellung, daB, nachdem  die Dicke mehr als
0,125 % der Gesamtdicke des dreidi-        und die individuellen Konturen
bestimmt wor- mensionalen Verbundkorpers, der durch alle         den sind,
die Folge des Formens der individu- individuell profillerten Schichten
definiert fst,  35  ell profilierten Schichten so ist, daB jede der
aufweist.                                          individuellen Konturen
keine andere enthalten- de Kontur besitzt. 12. Verfahren zum Herstellen
eines dreidimensio- nalen Verbundkorpers aus Rechnerdaten, wo-      15.
Verfahren nach Anspruch 12, dadurch gekenn- \.cl-  bei das Verfahren
folgende Schritte aufweist:  40  zeichnet, daB der Schritt der Formgebung
das ZufUhren eines blattahnlichen Werkstoffs, zum       Schneiden des
blattahnlichen Werkstoffs in die Herstellen des Korpers; Erzeugen von
Daten,         Flachenprofile an der Schneidposition aufweist, die in einer
Reihe von Fliachenprofilen, die        dag der Stapelschritt den Transport
der indivi- einer Folge von in Abstinden schrittweise           duell
profilierten Schichten von der Schneidpo- durch den K6rper vorgenommenen
parallelen   45      sition zum Stapelort aufweist, und daB der Ein-
Schnitten entsprechen, definieren; Profilieren      bauschritt ein Paar
Stiftaufnahmel6cher in je- des Werkstoffs entsprechend den Daten zur
der Schicht verwendet, um die individuell profi- Umwandlung des Materials
in eine Vielzahl von       lierten Schichten gegeneinander auszurichten.
Schichten, wobei jede mit dem Haftmittel Uber- zogen ist und das Aussehen
der Flichenprofile  50  16. Verfahren nach Anspruch 12, dadurch gekenn-
hat; aufeinanderfolgendes Stapeln der Schich-       zeichnet, daB der
Schritt der Formgebung das ten aufeinander in einer Reihenfolge, die der
Schneiden des blattahnlichen Werkstoffs in die Reihenfolge der
Flachenschnitte entspricht;         Flichenprofile aufweist und daB alle
nicht an- Anordnen jeder Schicht, wie sie gestapelt wur-      grenzenden
Teilbereiche der individuell profi- de und Verbinden der Schichten
miteinander,  56     lierten Schichten durch wenigstens elnen Ver- um den
dreidimensionalen K6rper aufzubauen,         bindungsstreifen verbunden
sind. dadurch gekennzeichnet, daB der blattahnliche Werkstoff aus zwei
Werkstoffen besteht, von 20    C   L   M   S * 17. Verfahren nach Anspruch
13, gekennzeichnet          dreidimensionalen K6rper und das Sicherstel-
durch den Schritt des Ofenl6tens des dreidi-        Ion, daB die Folge des
Formens der Schichten 



mensionalen Verbundk6rpers und dem Enffer-           derart ist, daB die
individuellen Konturen kein nen der Verbindungsstreifen nach dem Ofenlo-
anderes enthaltendes Profil besitzt. ten.
5 23. Verfahren nach Anspruch 12, dadurch gekenn- 18. Verfahren nach einem
der AnsprUche 12 bis           zeichnet, daB der Werkstoff in der Form
eines 16, dadurch gekennzeichnet, daB der Formge-          blatt~hnhichen
Metallbandes mit elnem druck- bungsschritt das Versehen jedes der
individuell      empfindlichen Klebmittel als Haftkomponente, profilierten
Schichten mit einem  AuBenrand   lo     dessen  Oberseite mit einem
Oberflachen- konstanter Gr6ole und Form und das Versehen
schutzband bedeckt ist, geliefert wird, daB der jeder der individuell
profilierten Schichten mit     Schritt der Bandenffemung vor dem Formge-
wenigstens zwei Stiftaufnahmelochern nahe            bungsschrltt
vorgesehen ist, daB der Betati- dem AuBenrand beinhaltet.
gungsschritt das Pressen jeder Schicht auf die t5      benachbarte Schicht,
womit elne dauerhafte 19. Verfahren nach einem  der vorangegangenen
Klebeverbindung zwischen den individuell pro- AnsprUche, dadurch
gekennzeichnet, daB der           filierten Schichten bewirkt wird,
beinhaltet, daR Schritt der Warme- und/oder Druckanwendung           der
Formgebungsschritt das Herstellen der er- die PunktverschweiBung des
Haftwerkstoffes           forderlichen Profile als Negativbild auf einem
der individuell profilierten Schichten beim Sta-  20  separaten
blattahnlichen Werkstoff als Druck- \-      pel und die Schritte des
Ofenlotens des dreidi-      vorlage fOr das chemische Atzen des blattihn-
mensionalen Korpers dann, wenn or vollendet          lichen Werkstoffs fUr
den dreidimensionalon ist, und des Schleifens des dreidimensionalen
Verbundk6rper beinhaltet, daB der blattahnli- K6rpers nach dem Ofenl6ten.
che Werkstoff fUr den dreidimensionalen Ver- 25      bundk6rper ein Blatt
aus zwei Werkstoffen auf- 20. Verfahren nach Anspruch 19, gekennzeichnet
weist, das mit elnem fotoresistenten Werkstoff durch den Schritt des
Galvanisierens des drel-       Uberzogen und ultraviolettem Licht
ausgesetzt dimensionalen Korpers nach dem Ofenl6ten.           ist, und daB
die Schritte des Atzens des Ober- zogenen Blattes aus zwei Werkstoffen nach
21. Verfahren nach Anspruch 12, dadurch gekenn-   30     dem Bedecken mit
dem separaten blattahnli- zeichnet, daB der Werkstoff als blattahnliches
chen Werkstoff, das das Negativbild tragt, wo- Metallband  mit einem
druckempfindlichen           bei der separate blattghnliche Werkstoff als
Klebmittel als Haftkomponente, dessen Ober-          Druckvorlage verwendet
wird und ein Band ist, seite mit einer Oberflachenschutzband bedeckt
das fUr ultraviolettes Licht ist durchlassig, des ist, geliefert wird, und
daB der Schritt des   35    Bewegens des Bandes mit derselben Ge- Enffemes
des Bandes vor dem Formgebungs-             schwindigkeit wie das Blatt aus
zwei Werkstof- schritt vorgesehen ist.                              fen und
das vorzugsweise Aussetzen des Ban- des aus zwei Werkstoffen mit
ultraviolettem 22. Verfahren nach Anspruch 12, dadurch gekenn-
Licht, vorgesehen sind. zeichnet, daB der Werkstoff in blattahnlicher   4o
Form geliefert wird, daB der Schritt der Form-   24. Verfahren nach
Anspruch 12, dadurch gekenn- gebung  des  Werkstoffs  das  gleichzeitige
zeichnet, daB der Werkstoff als ein blattahnii- Schneiden einer Vielzahl
von unterschiedlichen       ches Metallband mit einem druckempfindlichen
Schichten aus dem  Blatt unter Verwendung            Klebemittel als
Haftkomponente, dessen Ober- elnes einzelnen Laserstrahis und einer Strahl-
45   seite mit elnem  Oberflachenschutzband be- zerlegungsvorrichtung
beinhaltet,  daB  der         deckt ist, geliefert wird, daB der Schritt
der Schritt des Schneides das Ausrichten und Fo-         Enffernung des
Bandes vor dem  Formge- kussieren der Laserstrahlen von der Strahlenz-
bungsschritt vorgesehen ist, daB der Betati- erlegungsvorrichtung  auf den
blatthnilichen         gungsschritt das Pressen jeder Schicht auf die
Werkstoff an den unterschiedlichen Schneidpo-   50   benachbarte Schicht
beim Stapeln beinhaltet, sitionen beinhaltet, und daB der Schritt der
um eine dauerhafte Klebeverbindung zwischen Datenerzeugung das Bestimmen
der Dicke der           den individuell profilierten Schichten zu erzeu-
individuell profilierten Schichten, das Bestim-      gen, daB der
Formgebungsschritt das Herstel- men der individuellen Konturen jeder der
indi-      len der erforderlichen Formen als Negativbild viduell
profilierten Schichten, das Bestimmen   55   auf einem separaten
blattahnlichen Werkstoff der Folge des Formens der individuell profilier-
als Druckvorlage fUr chemisches Atzen des ten Schichten, das Bestimmen der
Montagefol-         blattahnlichen  Bandes beinhaltet, daB  das ge der
individuell profilierten Schichten zum        blattahnliche Band ein Blatt
aus zwei Werkstof- 21    f 41                 EP 0 272 305 B1
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fen aufweist, das mit einem  fotoresistenten       afin d'assurer
l'attitude correcte de chaque Werkstoff versehen und ultraviolettem  Licht
stratifie (24) dans ladite pile, et un moyen ausgesetzt ist, und daB der
Schritt des Atzens     d'assemblage pour assembler entre eux lesdits des
Oberzogenen Blattes aus zwei Werkstoffen       stratifi6es afin de former
lesdits objets tridimen- nach dem Bedecken mit dem separaten blatt-   5
sionnels (22), caractdris4 en ce quo ladite ma- hnIlichen Werkstoff, das
das Negativbild trigt,    tibre en forme de feuille est une matibre dou-
aufweist.                                           ble, avec une matiere
qui est la matibre princi- pale du stratifle et I'autre matibre qui est une
25. Verfahren nach Anspruch 24, dadurch gekenn-        matiere d'assemblage
pour rdaliser un assem- zeichnet, daB sowohl der separate blattihnli-  10
blage d'un soul tenant entre des stratifies lors- che Werkstoff als auch
das Band eine fOr            qu'ils sont soumis & une chaleur etlou une
Zihne geeignote Lochung aufwelsen und daB          pression, et caracterise
en outre en ce quo der Formgebungsschritt das Zlehen des sepa-
ledit moyen d'assemblage inclut un moyen de raten blattahnlichen Werkstoffs
und des Ban-       pression et/ou de chauffage, pour offectuer un des mit
der gleichen Geschwindigkeit beinhal-  t5  assemblage d'un soul tenant
entre des strati- tet.                                                fi6s
adjacents (24) et un moyen de commande agissant en r6ponse & l'empilour
pour action- 26. Verfahren nach Anspruch 25, dadurch gekenn-        ner
ledit moyen de pression etlou de chauffa- zeichnet, daB  der blattahnliche
Werkstoff          ge afin d'assembler d'un soul tenant chaque
Druckvorlagen fOr mehr als sine der individuell  20  stratifid lorsqu'il
est empile sur le stratifie im- 't&   profilierten Schichten in einer
Einzelrelhe bein-  m6diatement adjacent (24) pendant un interval- haltet.
Ie precedent l'instant oO le stratifie imm6diate- ment suivant est empil6
au-dessus de luM. 27. Verfahren nach Anspruch 25, gekennzeichnet durch don
Schritt des Bewegens des blattahn-  26  2. Appareil selon la revendication
1, caracterise lichen Werkstoffs und des Bandes in einer          on ce quo
ledit configurateur (30) inclut une ersten Richtung wahrend des Schritts
der            station de travail comprenant un poste de cou- Formgebung,
und des Bewegens der Schich-           pe (32) de ladite matibre en forme
de feuille et, ton danach in einer senkrechten Richtung dazu       & co
poste de coupe, un moyen de coupe de vor dem Stapelschritt.
30       ladite matibre en forme de feuille selon lesdi- tes configurations
planes, ledit moyen de cou- Revendlcatlons
pe incluant un dispositif g6n6rateur (34) de faisceau laser
fonctionnellement associd a ladi- 1. Appareil de production d'un objet
tridimension-     te station de travail, un moyen (52) de focalisa- nel
d'un soul tenant (22) a partir de donn6es  3s  tion dudit faisceau laser a
partir dudit dispositif d'ordinateur, I'appareil comprenant une station
g6nerateur (34) sur ladite matiere en forme de de stockage (26) pour
stocker une matibre en       feuille audit poste de coupe (32), et un moyen
forme de feuille et l'amener afin de former         (54, 56) de ddplacement
dudit faisceau laset lesdits objets (22), un ordinateur (36) qui pout   en
rdponse auxdites donnees au-dessus de W'  Otre mis en oeuvre pour engendrer
des don-   40       ladite matibre en forme de feuille afin de for- nees
qui definis sent une serie de configura-       mer lesdites configurations
planes audit poets tions planes correspondant a une succession         de
coupe (32), lesdits moyen de focalisation et de sections transversales
parallbles dudit objet    de direction dudit faisceau laser incluant une
(22) prises progressivement a des intervalles       lentille (52) et une
paire de miroirs (54, 56), espaces, un configurateur (30), prdvu pour re-
4s  lesdits miroirs (54, 56) etant espaces dudit cevoir de la matibre
depuis ladite station de       dispositif g~nerateur, de ladite lentille et
l'un stockage (26) et en reponse auxdites donndes        de l'autre, ledit
moyen directeur dudit faisceau dudit ordinateur (36) pour convertir ladite
ma-     laser incluant une table de positionnement (58) tiere en une
pluralit6 de stratifies (24), poss6-   supportant ledit miroir (54, 56) on
vue d'un dant chacun des configurations correspondant  50    mouvement
axial le long d'axes perpendiculai- auxdites configurations planes, un
empileur         res entre eux, ladite table de positionnement (38) pr6vu
pour recevoir dudit configurateur        (58) supportant un premier desdits
miroirs en (30) lesdits stratifies et agenc6 de fagon a       vue d'un
deplacement qui les rapproche ou les erppiler lesdits stratifi6s (24)
successivement     6carte dudit dispositif g6nerateur, ladite table l'un
au-dessus de l'autre dans un ordre corres-  55  de positionnement (58)
supportant l'autre des- pondant & l'ordre de succession desdites. sec-
dits miroirs en vue d'un ddplacement avoc tions transversales planes, des
moyens de po-       ledit premier desdits miroirs, ladite table de
sitionnement (78) coop6rant avec l'empileur         positionnement (58)
supportant aussi l'autre 22    43                 EP 0 272 305 B1
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desdits miroirs en vue d'un deplacement qui le      de fagon
electromagnftique, mobile entre ledit rapproche ou l'loigne du premier
desdits mi-       poste de coupe de ladite station de travail et roirs,
lesdits miroirs se deplagant dans un plan   ledit emplacement d'empilement
de ladite sta- :-._   generalement parallble au plan de ladite matie-
tion de travail, ladite matiere en forme de feull- re en forme de feuille
audit poste de coupe,   5    le 6tant un ruban de t8le metallique (28)
stoc- ladite table de positlonnement (58) supportant     ke sur un rouleau
A ladite station de stockage ladite lentille (52) en vue d'un d~placement
(26) et incluant un m~canisme d'amenee pour avec l'autre desdits miroirs
d'une maniere bel-     avancer ledit ruban (28') depuis ledit rouleau le
que lesdites lentilles sont aptes a Gtre de-    vers ledit poste de coupe
de ladite station de placees avec lesdits miroirs dans un plan ge-  10
travail, ledit empileur (38) incluant une plaque n~ralement parallele au
plan desdits miroirs        d'empilement sollicitee 6lastiquement (72) au-
(54, 56), ladite lentille (52) etant elle aussi     dit emplacement
d'empilement, ladite plaque support6e de fagon a so d6placer le long d'un
d'empilement (72) 6tant agencee en vue d'un axe g6n6ralement
perpendiculaire au plan des-       deplacement axial dans un support de
pile (74) dits miroirs (54, 56).                     16       apte a
recevoir et A retenir sur ladite plaque d'empilement (72) lesdits
stratifies profil6s indi- 3. Appareil selon la revendication 1, caract6ris6
viduellement, ledit support de pile 6tant apte a on ce que ledit ordinateur
comprend une sec-        limiter le deplacement dans un plan parallble tion
(36) de dessin assist6 par ordinateur pour     au plan de ladite plaque
d'empilement (72), entrer des d6tails concernant ledit objet tridi-  20
ledit support de pile (74) Incluant une levre de sJ F   mensionnel, et un
moyen assocl6 & ladite sec-       retenue (76) apte a cooperer avec ladite
pla- tion de dessin assiste par ordinateur pour en-      que d'empilement
sollcit6oe elastiquement afin gendrer lesdites donnees prevues pour ledit
de retenir entre elles lesdits stratifies profil6s configurateur et
incluant aussi un moyen asso-      individuellement, lesdits strat:fies
profiles indi- ci6 A ladite section de dessin assiste par ordi-  25
viduellement pr6sentant chacun un profil ext6- nateur pour determiner
l'epaisseur desdits          riour identique g6neralement rectangulaire,
la- stratifies profil6s individuellement, pour d~ter-   dite plaque
d'empilement (72), ledit support minor les profils individuels de chacun
desdits     (74) de pile et ladite levre de retenue (76) stratifies
profil~s individuellement, afin de d6-   coop~rant avec ledit profil
extirieur gen6rale- terminer la sequence de formation desdits  3o
ment rectangulaire pour assembler lesdits stra- stratifids profilds
individuellement ainsi quo la  tifl6s profiles individuellement (24) en
formant sequence d' assemblage desdits stratifis pro-      ledit objet
tridimenslonnel (22), lesdits moyens files individuellement pour former
ledit objet      de positionnement comprenant une paire de tridimensionnel,
ledit moyen de determination       broches de positionnement (78) aptes A
posi- agissant de maniere a assurer que la sequen-   35   tionner avec
precision lesdits stratifies profiles ce de formage desdits stratifies
profil~s indivi-  individuollement dans la forme de l'objet tridi- duel
lement est telle, pour chacun desdits stra-    mensionnel (22), lesdits
stratifids profiles indi- tifies profils individuellement, quo chacun des
viduellement comprenant chacun, dans le pro- profils individuels no
contient aucun autre profil  file extdrieur generalement rectangulaire, A
inclus quand l'Mpaisseur et les profils indivi-  40  1'ext~rleur dudit
profll lntdrieur do celul-ci, une duels ont et6 d6tormin6s.
paire de trous de positionnement recevant les broches. 4. Appareil selon la
revendication 1, caracterise en ce que ledit configurateur (3) inclut une
5. Appareil selon la revendication 2, caracterisX station de travail
comprenant un poste (32) de   45  par une plaque de pr6lbvement a
fonctionne- coupe de ladite matibre on forme de feuille et,     ment
electromagnetique (68) fonctionnellement audit poste de coupe, un moyen de
coupe de          associde A la partie de support de la lentille ladite
matibre en forma de feuills selon lesdi-    (52) de ladite table de
positionnement, ladite tes configurations necessaires, ledit empileur
plaque de prelevement (68) etant apte A 8tre (38) incluant une station
d'assemblage com-   50    placee en contact avec lesdits stratifies
profiles prenant un emplacement d'empilement desdits
individuollement audit poste de coupe de ladite stratifies profil6s
individuellement et un moyen    station de travail afin d'y etre attach6s
de de deplacement desdits stratifi6s profiles indi-   fagon
eiectromagnetique, ladite table de posi- viduellement a partir de ladite
position de cou-    tionnement 6tant apte a deplacer lesdits strati- pe de
ladite station de travail vers ledit empla-  55  fies profiles
individuellement depuis ledit poste cement d'empilement de ladite station
d'as-         de coupe de ladite station de travail vers un semblage, ledit
moyen de d6placement etant          emplacement d'empilement dans ledit
empi- une plaque de prelevement (68) fonctionnant         leur (38),
lesdits stratifies profil~s individuelle- 23    45                 EP 0 272
305 B1                    46          C IL'   N 111111 111111  111 



ment (24) 6tant ensuite aptes a 8tre liberes de     coupe, un moyen de
coupe de ladite matibre ladite plaque de prelevement (88) audit empla-
en forme de fouille selon lesdites configura- cement d'empilement dudit
empileur, et ledit       tions requises, ledit moyen de coupe incluant 'w-a
moyen  d'assemblage  (34) comprenant un            un dispositif q6ndrateur
(50) unique de fais- moyen de brasage par points desdits stratifi6s   5
ceau Paser fonctionnellement associM A cha- profil6s individuellement &
l'aide dudit disposi-   cune desdites stations de travail par l'interm6-
tif gdn~rateur de faisceau laser.                   dialre d'un s6parateur
de rayon, ledit moyen de coupe incluant 6galement des moyens pour 6.
Appareil selon la revendication 1, caract&ris6      diriger et focaliser
lesdits faisceaux laser a en ce que ledit configurateur (30) inclut une
10  partr desdits s6parateurs de rayon au-dessus station de travail
comprenant un poste de cou-      de ladite matibre en forms de feuille
auxdlts pe de ladite matibre en forme de feuille et,        postes de
coupe, ledit empileur comprenant audit poste de coupe, un moyen de coupe de
une station unique d'assemblage comprenant la matibre en forme de feuille
selon lesdites       un emplacement d'empilement desdits strati-
configurations n~cessaires, ledit emplieur (38)  t6  flMs profilds
Individuellement (24) venant de incluant la station d'assemblage comprenant
toutes lesdites stations de travail et un moyen un emplacement pour empiler
lesdits stratifies      de d6placement desdits stratifi6s profil6s indi-
profilds individuellement, et un moyen de dd-       viduellement depuls
lesdits postes de coupe placement desdits stratifles profil6s individuel-
desdites stations de travail vers ledit emplace- lement (24) depuis ledit
posto de coupe do   20     ment d'empllement de ladite station unique
ladite station de travail vers ledit emplacement    d'assemblage.
d'empilement dudit empileur, ledit moyen de d6placement comprenant une
bande transpor-      8  Appareil selon la revendication 1, caract6ris6
teuse pour transporter lesdits stratifi6s profil6s  en ce que ledit
configurateur (30) inclut un individuellement depuis ledit poste de coupe
26   traceur afin de produire lesdites configurations de ladite station de
travail vers ledit emplace-    planes sous forme d'image n6gative sur une
ment d'empilement de l'empileur (38), ladite        matibre en forms de
feuille separee, a utilisor matiore stockee a ladite station de stockage
comme dessin-modble pour graver chimique- 6tant un ruban en matiere
plastique en forme        ment ladite matibre en forme de feuille pr~vue de
feuille pourvu dudit composant d'assembla-   30  pour ledit objet
tridimensionnel d'un soul te- ge sous forme d'un adh6sif sensible a la
pres-      nant (22), ladite matibre en forme de feuille sion recouvert sur
sa partie sup6rieure par une     pr6vue pour ledit objet tridimensionnel
d'un bands protectrice de surface, et incluant un       soul tenant
comprenant une feuille revetue moyen d'enlbvement de ladite bande avant
d'une matiere de r6sine photosensible & expo- que ledit ruban en matibre
plastique narrive  3a    ser a la lumiere ultraviolette, ledit
configurateur audit poste de coupe de ladite station de tra-      incluant
en outre une station de gravure afin de vail, ledit empileur (38)
comprenant un disposi-   recovoir ladite feuille revetue apres l'attache de
tif d'empilement incluant une plaque mobile A       ladite matiere en formo
de feuille s6par6e por- un emplacement d'empilement, ladite plaque
tant ladite image n~gative, ladite matibre en Kt-' 6tant dispos6o sur une
plate-forme d'empile-  40    forms de feuille sdparde utilisee comme des-
ment en vue d'un d6placement axial pour com-        sin-modble etant un
ruban comprenant des primer chaque stratifie profil6 individuellement
zones transparentes au passage d'une lumiere assembl6 sur ladite plaque sur
le stratifiN profi-  ultraviolette, ledit ruban 6tant d6plac6 A la 16
individuellement, directement voisin, port6      m~me vitesse que ladite
feuille revOtue pr6vue depuis ledit posts de coupe de ladite station   45
pour ledit objet tridimensionnel, ledit ruban ex- de travail vers ledit
emplacement d'empile-         posant de fagon pr6ferentielle ladite feuille
re- ment de ladite station d'assemblage, et ledit      vAtue A une lumiere
ultraviolette. moyen actionneur comprenant une cellule de charge associ6e &
ladite plaque pour assurer    9. Apparell selon Ia revendication 1,
caract~ris6 une force suffisante pour provoquer une liaison   60  en ce que
ledit configurateur (30) inclut un adhdsive d'assemblage permanents entre
les-        traceur afin de produire lesdites configurations dits
stratifies profil6s individuellement.          n6cessaires sous forme
d'image n6gative sur une matiere en forms de feuille separee, & 7. Appareil
selon la revendication t, caracteris6      utiliser comme dessin-modble
pour graver chi- en ce que ledit configurateur (30) inclut une   55
miquement ladite matibre en forme de feuille pluralite de stations de
travail comprenant cha-    prevue pour ledit objet tridimensionnel d'un
cune un posts de coupe de ladite matiere en         soul tenant (22),
ladite matiere en forms de formo de feuille et, a chacun desdits postes de
feuille pr6vue pour ledit objet tridimensionnel 24    47                 EP
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* C   L   M d'un seul tenant comprenant une feuille rev-        stratififs
lun au-dessus de lautre dans un tue d'une matibre de resine photosensible A
ordre correspondant 3 I ordre de succession exposer a la lumiere
ultraviolette, ledit configu-   desdites sections transversales planes,
posi- 'W'    rateur (30) incluant en outre une station de         tionner
chaque stratifWO  au fur et 3 mesure qu'il gravure afin de recevoir ladite
feuille revetue   5  est empild et assembler entre eux lesdits stra- apres
l attache de ladite matibre en forme de       tifles afln de former ledit
objet trldimenslonnel, feuille separde portant ladite image negative,
caractdris6 en ce quo ladite matiere en forme l'appareil incluant on outre
un transporteur se      de feuille est une matiere double, avec une
deplagant parallelement a la direction de de-        matibre qui est la
matiere principale du stratifi6 placement de ladite matibre en forme de
fouil-  70   et lautre matibre qut est une matibre d'assem- le separee et
de ladite feuille revAtue, et in-      blage servant a realiser un
assemblage d'un cluant aussi un autre transporteur se deplagant      soul
tenant entre des strattf!6s lorsqu'elle est dans une direction
perpendiculaire A la direc-       soumise a une chaleur etlou A une
pression, et tion de d6placement dudit premier transporteur
caracterls6 en outre par le6tape consistant & afin de transporter vers
ledit empileur lesdits  15  appllquer une chaleur et/ou une presslon pour
stratiflds proflles individuellement.                assembler d'un soul
tenant chaque stratift4 lorsqu'l1 est empile, au stratifid Itmmdtatement
10. Appareil solon la revendication 1, caract6rise      adjacent (24)
pendant un intervalle precedent en ce quo ledit configurateur (30) inclut
un        l'instant oO le stratifti qui le suit immediato- traceur afin de
produire lesdites configurations   20  ment est empild au-dessus de lui.
\.v/    planes 3 utiliser comme dessin-modble pour graver chimiquement
directement ladite matie-    13 Proodd4 solon la revendication 12,
caractdrls6 re on formo de fouille pr6vue pour lWdit objet       en ce quo
l'etape de configuration inclut une tridimensionnel d'un soul tenant,
ladite matibre     focalisation d'un faisceau laser sur ladite ma- en forme
de feuflle pr~vue pour lWdit objet  25      tibre on forme de fouille, et
un deplacement tridimensionnel d'un soul tenant comprenant          dudit
faisceau laser sur toute ladite matibre en une fouille revetue d'une
matibre de rdsine         forme de feuille afin de former lesdites confl-
photosensible & exposer & la lumiere ultravio-       gurations planes.
lette, ledit configurateur (30) incluant en outre une station de gravure
afin de recevoir ladite  3o   14. ProcMd6 solon la revendication 12,
caracterise feuille revgtue quand ladite image negative y a      en ce quo
l'etape de gindration de donnees 6t% produlte directement.
comprend les etapes consistant a entror des donnees concernant ledit objet
tridimensionnel 11. Appareil solon l'une quelconque des revendi-
dans une station de dessin assist6 par ordina- cations 1 & 10, caractbris6
en ce quo ladite   35    tour, determiner lepaisseur desdits stratifids
mattbre en forme de feuille est un ruban en          profil6s
individuellement, determiner les profils matibre double dimensionn6 d'une
manibre tel-        individuels de chacun desdits stratifies profils le quo
chacun desdits stratifi6s proftlts indivi-   individuellement, determiner
la s6quence de duellement ne constitue pas plus de 0,125%
formation desdits stratiflds profilds individuelle- de lr4paisseur totale
de l'objet tridimensionnel  40  ment. et determiner la sequence
d'assemblage d'un soul tenant d6fini par la totalit6 desdits      desdits
stratifies profiles individuellement pour stratifi6s profil~s
individuellement.               former ledit objet tridimensionnel, et
assurer quo la s~quence de formation desdits stratifies 12. Procede de
production d'un objet tridimension-       profiles individuellement est
telle quo, quand nel d'un soul tenant & partir de donn~es dordi-  46
l'6paisseur et les profils individuols ont ete nateur, le procdd6
compronant les dtapes             ddterminds, chacun des profits
individuels ne consistent & amener une matibre en forme de
contient aucun autre profit inclus. feuille pour former ledit objet,
engendrer des donn~es d6finissant une s~rie de configura-      15. Proced6
solon la revendication 12, caract6risX tions planes correspondant a une
succession   6o     en ce quo ladite 6tape de configuration corn- de
sections transversales parallbles dudit objet     prend les etapes
consistent a couper a un prises progressivement & des intervalles espa-
poste de coupe ladite matibre en forme de ces, configurer ladite matibre
salon lesdites       feuille solon lesdites configurations planes, en
donnees afin de convertir la matiere en une          ce quo ladite 6tape
d'empilement comprend pluralit6 de stratifies revatus chacun dudit  6s
I'etape consistant a deplacer individuellement composant d'assemblage et
presentant des             des stratifies profil~s individuellement depuis
configurations correspondant auxdites configu-       ledit poste de coupe
vers un emplacement rations planes, empiler successivement lesdits
d'empilement, et on ce quo ladite etape de 25    
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de feuille, ot en ce quo l'dtape de configuration chaque stratifie d'une
paire de trous de posi-       de ladite matibre comprend la decoupe simul-
tionnement recovant des broches, afin dWali-         taneo, & partir de
ladite fouille, d'une pluralit4 ki  gner entre eux lesdits stratifies
profills indivi-    de profiles diff6rents en utilisant un faisceau
duellement.                                 6        laser unique et un
separateur de rayon, ladite 6tape de coupe comprenant l'etape consistent
16. Proc6dd selon la revendication 12, caract~risd      a diriger et A
focalisor des faisceaux laser a en ce quo ladite etape de configuration
corn-        partir desdits separateurs de rayon sur ladite prend l'6tape
consistent & couper ladite matie-      matlbre en forme de feuiloe &
diffdrentes posi- re en forme de feuille selon lesdites configura-  1o
tions de coupe; et en co quo l'tape de gene- tions planes d'une maniere
telle quo toutes les      ration de donnees inclut l'etape consistent A
parties non-contiguls des stratifids profilis in-    ddterminer l'paissour
desdits stratifids profilds dividuellement soient reli6es par au moins une
individuellement, A d~terminer les profils indivi- bande de liaison.
duels de chacun des stratifies profiles indivi- 15      duellement, A
determiner la sequence de for- 17. Procdd6 selon la revendication 16,
caracterise       mation desdits stratifies profilts individuelle- par
le'tape de brasage au four dudit objet           ment, a determiner la
s9quence d'assemblage tridimensionnel d'un soul tenant, et d'enleve-
desdits stratifiEs profiles individuellement pour mont desdites bandes de
liaison aprbs ledit         former ledit objet tridimensionnel, et A
assurer brasage au four.                            20       quo la
s~quence de formation desdits stratifies est telle quo chacun desdits
profiles individuols 1& Procede selon l'une quelconque des revendi-
ne contient aucun autre profil inclus. cations 12 A 16, caract~risE en co
quo chaque etape de configuration inclut l'Etape consistent  23. ProcedE
selon la revendication 12, caractdrisE a pourvoir chacun desdits stratifies
profilds in-  25  en ce quo ladite matibre est amen~e sous dividuellement
d'une periphdrie extdrieure a         forme d'un ruban metallique on forme
de feull- dimension et forme constantes et & menager           le pourvu
d'un composant d'assemblage en dans chacun desdits stratifies profiles
Indivi-      matibre adhesive sensible A la prossion, recou- duellement,
pres de ladite periphdrie exterieu-      vert supdrieurement d'une bande de
protection re, au moins deux trous de positionnoment   30       de surface,
et incluant letape consistent a recevant des broches.
enlever ladite bande avant ladite etape de configuration ; en ce quo ladite
etape d'action- 19. Proc~dE selon l'une quelconque des revendi-
noment comprond la compression de chaque cations precedentes, caractErisE
en co quo           stratifie sur le stratifie immediatement adjacent
l'etape d'application de chaleur et/ou de pres-  36  afin de provoquer une
liaison adhesive d'as- sion comprend un brasage par points de la
semblage permanennt  entre lesdits stratifies matibre d'assemblage desdits
stratifies profiles     profiles individuellement, en ce quo ladite Eta-
individuellement au fur et A masure qu'ils sont      pe de configuration
comprend la production empiles, et inclut les etapes de brasage au
desdites configurations ndcessaires sous for- K>   four dudit objet
tridimensionnel lorsqu'il est  40    me d'une image negative sur une
matibre en achevd, et de rectification de l'objet tridimen-     forme de
foullle sdparee & utiliser comme des- sionnel aprbs le brasage au four.
sin-modble pour une gravure chimique de ladi- to matibre en forme de
fouille pour former ledit 20. Procdde selon la revendication 19,
caractnrist       objet tridimensionnel d'un soul tenant, la ma- par
l'etape consistent A metalliser l'objet tridi-  45  tibre en forme de
feuille servant A former ledit monsionnel aprbs son brasage au four.
objet tridimensionnel d'un soul tenant compre- nant une feuille en matibre
double, revetue 21. Proced4 selon la revendication 12, caractirise
d'une matibre de resine photosensible a expo- en ce quo la matibre est
amenee sous forme           ser a une lumibre ultraviolette, et incluant
les de ruban metallique en forme de feuille pourvu   50  etapes consistent
a graver ladite feuille de d'un composant d'assemblage, en matibre
matibre revetue aprbs l'avoir recouverte de la- adhesive sensible A la
pression, recouvert su-       dite matibre on forme de feuille separee por-
perieurement d'une bande de protection de           tent ladite image
negative, ladite matiere en surface, et incluant l'etape consistent a
enlever    forme de feuille separee etant utilisee comme ladite bande avant
lNetape de configuration.  6S     dessin-modele et etant un ruban
transparent au passage d'une lumibre ultraviolette, a de- 22. Procede selon
la revendication 12, caracteris6       placer ledit ruban a la mame vitesse
quo ladite on ce quo la matiere est amenee sous forme           feuille de
matibre double, et a exposer de 26    
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BIIii B II fagon pr6ferentielle & travers ledit ruban ladite feuille de
matiere double a une lumiere ultra- violette. 24. Procede selon la
revendication 12, caract6ris4    5 en ce que ladite matiere est amenee sous
forme d'un ruban m6tallique en forme de feull- le pourvu d'un composant
d'assemblage en matibre adhesive sensible a la pression recou- vert
superieurement d'une bande de protection   10 de surface, et incluant
l'6tape consistant a enlever ladite bande avant ladite etape de
configuration, ladite etape d'actionnement comprend la compression de
chaque stratifie sur le stratifid imm~diatement adjacent au fur  75 et a
mesure qu'il est empil6 afin de provoquer une liaison adh6sive d'assemblage
permanan- ta entre lesdits stratifi6s profiles individuelle- ment, ladite
etape de configuration comprend Ia production desdites configurations
necessai-  20 res sous forme d'une image negative sur une matiere en forme
de feuille separee A utiliser comme dessin-modble pour une gravure chi-
mique du ruban en feuille, ledit ruban en feuille comprenant une feuille de
matibre double re-  25 v~tue d'une matiere de resine photosensible &
exposer & une lumiere ultraviolette, et incluant l'etape consistant a
graver ladite feuille de matiere double revgtue apres l'avoir recouverte de
ladite matiere s~parde en forme de feuille  30 portant ladite image
n6gative. 25. Procede selon la revendication 24, caracterise en ce qua
ladite matiere s6paree en forme de feuille et ledit ruban comportent tous
deux des   35 perforations aptes a cooperer avec des picots, et en ce qua
l'etape de configuration corn- prend un entratnement de la matibre en forme
de feuille et du ruban a des vitesses 6gales. 40 26. Procede selon la
revendication 25, caract6ris6 en ce qua ladite matibre en forme de feuille
contient, dans une rang6e unique, un dessin- modele pour plus d'un des
stratifies profiles individuellement.                          45 27.
Proced6 selon la revendication 25, caract6rise par l'etape consistant a
deplacer ladite matibre et ledit ruban dans une premibre direction pen-
dant l'6tape de configuration, et ensuite a de-  50 placer lesdits
stratifies dans une direction per- pendiculaire avant l'etape d'empilement.
55 27    


