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VACUUM FORMED __THREE- DI MENSI ONAL_SURFACE ARTI CLE FI ELD OF
"THE | NVENTION 5 This invention relates to a vacuum form ng process
and rel ated apparatus for nolding a thin sheet of t her mof or mabl e
plastic into an accurate three-di nmensional relief reproduction of an
ori gi nal wpleksdiee wor k where the plastic sheet carri esl’ca'ltpaﬁmn‘lont

i mge of the 10 original work. BACKGROUND OF THE | NVENTI ON

Society's renewed interest in Wy e‘w jm]r:]) resulted in the derrand
for inexpensive reproductlons of the origlna For many years, society

had to contend 15 &d" ‘ M@stt of ten
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reproduced by a photograpt O '
reproductions failed to reproduce mhat was often an essenti al

characteri st} r relief. For some paintings, for
exanpl e, par ' the work not only lies in the inmage
produced 5 This invention relates to a vacuum forming process

and related apparatus for molding a thin sheet of
thermcformable plastic into an accurate three-dimensional
relief reproduction of an original artistic work where
the plastic sheet carries a permanent image of the
10 original work.
BACKGROUND OF THE JNVENTION .
Society'’'s renewed interest in works of arts has
resulted in the demand for inexpensive reproductions of
the original. For many years, society had to contend
15 with two dimensional reproductions which were most often
reproduced by a photographic process. These two _
dimensional reproductions failed to reproduce what was
often an essential characteristic of the work, the
relief. For some paintings, for example, part of the
20 genius of the work not only lies in the image produced
but in the texture of the work such as the brush stroke,
which, for example, may reflect light in a particular
manner.
One of the first obstacles to achieving this goal is
25 the manner in which the third dimension of the art work
can be reproduced. Various methods have been but forth
in order to recreate that third dimension, however, some
of those methods involve making a matrix from the
original work itself pouring a substance over the
30 original work to copy its relief; (U.S. Patent 4,285,744;
4,971,743; French Patents 1,493,516 and 1,548,337).
Unfortunately, this procedure is simply not acceptable
when reproducing originals as it may jeopardize the
physical integrity of the work and with masterpieces they
35 are simply not available for use.
From the matrix a female and possibly a male molding
die is made. These dies constitute the molds against
which the image carrying substrate will be pressed. The
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PCT/CAQG/OQi76reflecting the definition sought. ~ %1 has been found that
PVC is a medium which can be properly deformed under
controlled conditions. Unfortunatély, this material must
be heated prior to pressing and this often leads to
displacements and distortions of the image contained on

10 it. o .

Traditional processes have attempted to deal with
the above problems in the following manner. Canadian
patent application 2,020,206 and its U.S. counterparts
5,182,063 and 5,201,548 put forth an alternative method

15 for forming a matrix which reflects the three dimensional
features of the work of art, without jeopardizing the
original work. A similar approach is also described in
U.S. Patent 4,001,062. Two photographs of the original
work are taken, and are put side by side on a carrier.

20 The transparent substrate, upon which the three
dimensional elements will be reproduced, is placed over
one of the images. An artist then begins recreating the
relief (for instance, the brush strokes) by referring to
the image underneath the substrate. When it becomes

25 difficult to see the image beneath the substrate because

' it is covered with paste, then the artist may simply
refer to the other image beside it. By having an artist
reproduce the three dimensional elements of the original
work on a matrix, and then forming the mold from that

30 disposable matrix, the original work of art is never
touched. On the other hand, one of the drawbacks of this
procedure is that once the artist begins relying on the
image beside the substrate, and not the one underneath,
faithful reproduction of the relief becomes less

35 accurate.
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the heating of the sheet of PVC to its softened state
inevitably results in unequal softening, so that some
sections of the PVC will soften more quickly than others

15 and consequently, they will bow before othexs, which
results in the displacement of the image. Therefore, the -
molded relief does not correspond with the image. 1In the
process of U.S. Patent 5,182,063, canvas is impregnated
with a resinous material to form a substrate. The PVC

20 sheet material with image is then melted and pressed
against the substrate to bond the PVC sheet to the
substrate. The pressing operation involves the use of
dies which press the desired relief into the PVC and
substrate sandwich. Although the image appears to be .

25 stable on the substrate, additional processing is

- required to ensure such stability.

For this reason, soOme inventions, such as U.S.
patent 4,285,744, provide a means for molding a PVC
substrate, while upholding the quality of the image, by

30 heating it quickly to its softened state, by monitoring
the distribution of the heat, and by subsequently cooling
it rapidly. 1In other words, attempting to reduce the
amount of time during which the PVC softens and bows
downwardly over the die. However, in light of the

35 inherent structure of PVC, it is impossible to predict
the manner in which it will soften, even if the heat is
regulated.
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the sheet of PVGiharkt 8n805keACHuLERLE has bumps formed therein to give
the surface relief feeling of mountains in the
mountainous regions of the globel indicated by the image
on the plastic sheet. However, Braund has to heat the
sheet until it is softened or plastized such that the
10 sheet drapes or sags. The male mold of Braund pushes up
through the softened sheet to vacuum form the surface
bumps and overall hemispherical shape of the male mold
into the sheet.
The present invention in accordance with one aspect
15 seeks to overcome the shortcomings of the prior art in
the following manner. When recreating the three
dimensional qualities of the original work of art on a
matrix, this invention ensures that the image on the
substrate remains visible at all times so that the artist
20 does not have tc make a calculated guess as to the
placement of a particular relief. This is accomplished
by projecting the image onto the substrate, either.
through the use of a standard photography lens enlarger
or its equivalent. By projecting the image, the artist
25 is always able to see the work regardless of the amount
of paste covering the substrate which equally increases
the reliability of the three dimensional reproduction.
Furthermore, prior to the pressing process, this
invention does not require that the PVC be heated to such
30 an extent that the sheet droops, drapes downwardly oxr
sags over the die where such drooping, sagging or the
like increases the likelihood of distortion or
displacement of the image in relation to the relief to be
formed in the sheet. 1Instead, the plastic sheet is
35 heated to a first temperature, the vacuum mold is applied
and the temperature is continued to be increased where
the vacuum secures the sheet and hence fixes the image
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The present invention uses vacuum as opposed to
10 opposing presses of the prior art, in oxrder to apply the
required pressure for molding the PVC sheet. Although a
vacuum forming machine may be less effective than
opposing pressing of mating dies such as described in
U.S. Patent 4,285,744, this invention overcomes most of
15 the shortcomings by allowing for the drilling of a
multitude of minuscule holes into the female die, which
will result in the increased effectiveness of the suction
of the vacuum on the image carrier substrate, and
consequently, this will result in increased definition of
20 the relief embossed. Although U.S. Patent 4,308,224
describes the use of microscopically small air channels
in the die, they are for a completely different purpose
to allow air to escape during the melting of the foil.
The foil in its molten state takes on the shape of the
25 mold as the molten foil flows into the mold and moves air
. out from beneath the foil through the air channels.
Although the process in accordance with this
invention may not result in a three-dimensional
reproduction that is as high quality as some of the other
30 procedures, the method provides for a significant
reduction in the production time. |
SUMMARY OF THE INVENTION
In accordance with an aspect of the invention, a
vacuum forming process for molding a thin sheet of
35 thermoformable plastic, and an accurate three-dimensional
relief reproduction of an original artwork, the sheet of
plastic having printed on one side thereof a permanent
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ii) heating said plastic sheet;

10 iii) contacting the mold with the sheet while the
sheet is heated to a first temperature which is below
normal thermoforming temperatures where at the first
temperature movement of the image relative to the mold
due to heating of the sheet is minimized, immediately

15 applying a vacuum to the holes in the mold to commence
drawing the plastic sheet into the mold and fix thereby
the sheet relative to the mold relief to further minimize
image movement, on the sheet relative to the mocld;

iv) continuing to heat the plastic sheet to a

20 second temperature that is higher than the first
temperature and at which the plastic sheet will
thermoform, while maintaining vacuum on the holes in the
mold to complete forming of the three-dimensional relief
in the sheet;

25 v) stop heating the plastic sheet once it has
attained a second temperature in the range of normal
thermoforming temperatufes while continuing to apply
vacuum to the mold holes, applying cooling to the sheet
after heating is stopped to cool the sheet below the

30 first temperature to a third temperature to render
permanent the three-dimensional relief formed in the

sheet,
vi) stop cooling the sheet and remove the sheet
from the mold. |
35 In accordance with another aspect of the invention,

an apparatus for vacuum forming a thin sheet of
thermoformable plastic into an accurate three- dimensional
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relief of the original artwork, a multitude of vacuum
forming holes being provided in the mold;
ii) means for supporting the printed sheet of
plastic proximate the mold with the printed side facing
10 the mold, the support means supporting the image in
register with the surface relief of the mold;

iii) means for heating the plastic sheet, the
heating means being mounted on means for reciprocally
moving the heating means from a first position away from

15 the mold to a second position over and spaced from the
unprinted side of the plastic sheet;
iv) means for relatively moving the plastic sheet
‘and the mold to contact the plastic sheet with mold when
the heating means in the second position heats the
20 ©plastic sheet to a first temperature which is below
normal therhoforming temperatures;
v) means for sealing a perimeter of the plastic
sheet to a corresponding perimeter of the mold;
vi) means for applying a vacuum to the multitude of
25 holes in the mold when the sealing means seals the
plastic sheet and the plastic sheet is at the first
temperature; .
vii) the reciprocating means moving the heating
means back to the second position when the plastic sheet
30 is at a second thermoforming temperature;
viii) means for cooling the plastic sheet with the
heating means in the second position;
ix) means for removing the vacuum from the
multitude of holes when the plastic sheet is cooled by
35 the cooling means toc a third temperature, the sealing
means releasing a seal between the mold and the plastic
sheet to permit removal of the formed plastic sheet from .

is Sheet Has Been Replaced
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for molding a thlgosgﬁifzcate brush strokes of the original image where
projection of the image onto the substrate guides
application of the compound; and
18 iv) allowing the compound to harden to prov1de the
meld from which a female mold is made.
In accoxrdance with another aspect of the invention,
a method is provided for producing a male mcld for use in
making a female mold which is used in vacuum forming a
20 thermoformable plastic sheet to form an accurate three-
dimensional relief reproduction of an original artwork,
~the method comprises: '

i) thermoforming a canvas rellef in a
thermoformable plastic sheet which has an image of the
25 original artwork printed thereon; '

ii) applying a moldable compound to the printed
surface of the sheet to replicate over the image brush
strokes of the original image, the printed image guiding
application of the compound; and

30 iii) allowing the compound to harden to provide the
male mold from which a female mold may be made.
RIEF DESCRIP N WINGS .

Preferred embodiments of the invention are described

with respect to the drawings wherein:

35 Figure 1 is a perspective view of an image
projection system for projecting an image onto a
substrate;
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Figure 4 is a section along the section lines of
Figure 3; '

' Figure 5 demonstrates pouring of a curable material
from which the female mold is made;

10 Figure 6 is a section through the male and female
molds as contained in a molding box;

Figure 7 is a section through the female mold;

'Figure 8 illustrates the drilling of a multitude of
holes in the female mold;

15 Figure 9 is a perspective view with a portion
thereof removed to illustrate details thereof;

Figure 10 is an enlarged section of the female mold
showing the relative minuscule size holes provided in the
relief surface; _ '

20 Figure 11 is a perspective view showing the mounting
of the female mold in the vacuum box of the vacuum
forming machine; '

Figure 12 is a section showing the support of the
thin plastic sheet above the female mold and the relative

25 positioning of the heating device;

Figure 13 shows the movement of the vacuum box
upwardly to seal against the heated thermoformable sheet
with the application of vacuum to form a relief in the
sheet;

30 Figure 14 is a perspective view of the vacuum
forming machine;

Figures 15A, 15B and 15C illustrate in sequence the
application of heat and drawing of a vacuum on the sheet;

Figure 16 is a top view of the sheet showing the

35 temperatures of the sheet before the vacuum is applied in
Figure 15C;



15 .applying a vacuumto the holes in the nold to commence draw ng t he
pl astic sheet into the nold and fix thereby - the sheet relative to the
nmold relief to further nmininze i mage novenent, on the sheet relative
to the nol d; i V) continuing to heat the plastic sheet to a 20
second tenperature that is higher than the first tenperature and at
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Figure 19 is a view of the thin plastic sheet having
an image printed thereon;
Figure 20 shows the vacuum forming a canvas relief
10 into the printed plastic sheet of Figure 19;
Figure 21 is an enlarged view showing the canvas
mounted on the vacuum box over which the sheet of Figure
"19 is placed in the vacuum former of Figure 20;
Figure 22 shows the plastic sheet having the canvas
15 relief thermoformed therein; _
Figure 23 illustrates the application to the sheet
of Figure 22 of a moldable compound to replicate on the
surface the brush strokes of the original;
Figure 24 illustrates the application of a curable
20 compound for forming the female mold from the male mold
of Figure 23; and _
Figure 25 is a section through the mold box of
Figure 24 with the female mold being formed on top of the
male mold of Figure 23. '
25 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
The vacuum forming process in accordance with this
invention greatly expedites production time in producing
a printed image on a plastic sheet which has formed
therein an accurate three-dimensional relief reproduction
30 of the original artwork where the relief is in register
with the image. The process and apparatus of this
invention may be applied in making a variety of art
reproductions for use in several different fields. The
conventional use is to form art reproductions which may
35 have canvas backing, masonite backing or chipboard
" backing where the reproduction once framed appears to be
essentially identical to the original. Such art
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in register with said surface relief of said nold, 1i1) means

for heating RARFOKHTE MY ALS0s ey upschda: the APRATEBeingustumt ed on
means for redigreoadid artword O @iffetentabhagpestand Bieesd hprst position

away from ' £ X osition _over _and.spaced fromthe
unp)r/i nt ed ngﬁ%&%ﬂ}&t&@fﬁcﬂgﬁ%&qﬁ&, ctan Be F\?fa‘_:ﬁﬁgng% gREBEPEP i ni ng
t enper at ur e 38¥ thee frmhiofsiaheehroevast sednskebp, siranmeandngapsans;

V)  neass frie RRAGuigh fRmdd wdteriigeicadndl1sei Be lamiBh€eletat kpsrt0 ONe

' | d whe i d
Fenper at ur e Sy MuRLeY HAd," BseRALIay HobtrRTLS, nBofrat: Pelincend,
heated to adthen spoutedtems.ur dnntheh packegiing dvdustryhethef vacuug
tenperat ureformed images in accordance with this invention, may be
applied to product packages such as packaged foods,

10 fragrances, clothing and apparel packages and the like.
Such packages can then have a surface texture of ar;work
which enhances the marketing of the product. Other
fields of use for the invention include the application
of the vacuum formed artwork on puzzles, paint by number

15 artwork, board games, maps and the like.

Although techniques have been described for forming
the male and female molds from the original artwork, as
previously discussed, this can greatly damage the
original artwork which can result in either having to

20 dispose of the original artwbrk or require extensive
touch ups by the artist. In accordance with an aspect of
this invention, as described with respect to Figures 1
through 7, a female mold is made for carrying out the
unique aspects of the vacuum forming process and

25 apparatus which does not require contacting the original
artwork with any form of molding material. As shown in
Figure 1, a substrate 10 is mounted on a solid support
12. The substrate 10, in accordance with this embodiment,
comprises a canvas sheet 14 mounted on a solid backing

30 16. The solid backing may be masonite, chipboard or other
substantially rigid planer material. A projection system
18 is spaced from the substrate 10. The image projection
system includes a slide 20 which is the positive of a
negative exposure of the original artwork. .Such positive

35 is developed in the normal film processing technique
where the original is photographed with a camera, usually
a camera using the 4 inch by 5 inch standard format. The



Vi) means f or sealing a perineter of the plastic sheet to a

correspondi ng perineter of said nold; _. vii) nmeans for applying a
vacuumto said nultitude 30 of holes:in said nold with said sealing neans
sealing the pl astic sheet; viii)said reciprocating neans
novi ng sai d heating means back to said first position when said

t enper at ur e WO 962M8%r i ni ng neans deternines that the plastiRCEGAS00176 35
heated to a second thernoform ng tenperature; i x) nmeans for
cooling the plastic sheet with said heddmg neans in said first

posi tion; ns

. \ o, , -7a- X) nea
for renoving saiB@@8cQBntPRoRIIdR 20 18, PYPIgRRkeD LTSS ke, sukphrate
t enper at ure det aonbgi agprojeetiondiamp n22es THetidaye [lsafoicusedeoh the

oPecai . o hoamBSERRLA0ITEF S Ball) LEINE AU g en 0, oo
renoval of the PEPABEERFaific Theeimagene ocyffid) appears as a scene
S depicted by a mountainous topography 26 on the canvas 14.
It is understood that the projection of the image may be
horizontal to allow one to work on a vertical surface or
the projection may be vertical to allow one to work on a
horizonal surface. The objective is to now reproduce
10 - over the image and on top of the canvas the brush strokes
similar to those of the original artist.

As shown in Figure 2, the brush strokes may be
replicated on the canvas by using the image 26 as a
guide. A moldable compound is applied to the canvas by

15 wuse of a brush 28 and/or a spatula 30. The person
applying the compound has artistic ability and is able to
interpret the original artwork as shown by the image to
apply a surface texture on the canvas which repliéates
the brush strokes and sculpting of the original artist.

20 There are several moldable compounds available to achieve
this objective. For example, as supplied in the
container 32 a moldable compound of acrylic polymer
molding paste and/or acrylic polymer gel may be used.

The operator slowly builds up on the substrate surface

25 the moldable compound to replicate the brush strokes and
sculpting. Continuous projection of the image onto the
canvas surface 14 allows the operator to perfect the
brush stroke replication over an extended period where
the projected image acts as a guide to ensure that the

30 strokes are properly applied to reproduce as accurately
as possible the surface texture in relief of the original
artwork.

To assist the artist in reproducing the brush
strokes the moldable material may be opaque and of a

35 white colour to enhance and delineate the reproduced
work. By using a white material the imags as projected
continues to show up clearly on the areas that have been
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.mold In_accordance with another aspect of the invention, __ a

- met hod of producing a nale nold for use in nmaking a femal e nol d whi ch
is used in vacuumformng a 5 thernoformabl e plastic sheet to form an
accurate three- - di rensional relief reproduction of an original artwork,
conpri seWO96/29189 | ) mounting a substrate sheet;: m’cg?"/“’“‘
projecting an inmage of the original artwork 10 onto the substrate sheet;
i) appl ying a nol dabl e conpound tol3ve substrate to replicate
brush strokes of the orjginal inmge where projection of the inmage onto
t he substrat%pﬁ%Fﬁ% with %Hﬁﬂ??%ﬁ? of the conmpound; and 15 i V)

al : gvv! ng tge conpmsunshﬁmkmmrgum @ ,0\tike dcmpéetednbh»:dshr feﬂrzhéch a Iemal e
mold is ma C r egk O e ntion

a method is %:5/? Ct?m&ns‘ﬂ %éu)m n c{zhaa@;g& ? bﬁﬁg Sk Th ’f?ﬂa
femal e nol d MReeHmeY Becthree ¥Q) A 4nch plywood or other

5 rigid material. As shown in Figure 4, the canvas 14 has
on its surface the hardened molding compound 38. 1In
section, the relief of the hardened compound 38
replicates the brush strokes and sculpting of the
original artwork. The hardened compound 38 thereby forms

10 on the canvas backing 16, as mounted on the plywood 36, a
male mold from which a female mold may be made.

As shown in Figure 5, a frame 40 may be secured to

the base 36 to provide upright sides 42 and ends 44. A
curable resin 46 is then poured from a container 48 to

15 cover the male mold 34. The resin 46 in its uncured
state immediately takes on the surface relief of the male
mold 34, as defined by the hardened compound 38.
Sufficient resin poured from the container 48 to
completely cover the male mold 34 and to a level in the

20 framed mold to provide a female mold of a thickness in
the range of ¥ inch to X of an inch in thickness. The
section of Figure 6 shows the female mold 50 having a
level backwall 52 and contained within the frame 40. The
male mold, as provided in the frame 40, has the backing

25 36, the solid substrate 16 and the canvas layer 14.
Preferably, the hardened compound 38 is coated with a
suitable release agent to permit easy removal of the
female mold 50 from the frame 40. The poured resin 46 is
cured in accordance with standard practice for the

30 selected resin. For example, a preferred resin is an
epoxy resin having up to 80% by weight of aluminum as a
heat conductive filler. The resin is cured by cyclical
heating for 20 minutes on and then 20 minutes off. A
preferred epoxy resin may be obtained from Chemgue of

35 Quebec and sold under the trademark Chemcast 402. Once
the resin is properly cured to a hardened state the frame
40 is removed and the mold 50 lifted away from the male



20 thernoformable plastic sheet to forman accurate three- di nensi onal
relief reproduction of an original artwork, the nmet hod conpri ses:
i) thernoform ng a canvas relief in a t her nof or mabl e pl astic sheet
whi ch has an inmage of the 25 original artwork printed thereon; : i)
appl yi ng a nol dabl e conmpound to the printed surface of the sheet to
replicate oW@P6/2918 i nage brush strokes of the original PEHEGA600}7E
printed i nage gui ding application of the compound; and 30 i)
al | ovi ng the conpound to harden to provi dd4he mal e nold fromwhich a
roferrod ermboliPREnte: oi TR FIOEKTDAh Rat (e Emalh PRLAcSPect (o
t he drawi ngs wiceeiof S8e male moldrand ¢carzyipg spedtisysurifareof an i mage
proj ection sysigauhOLe P50k 664 | 1) AN 18BU K Grf essentddlld 24,
VIO 96/29189 negati f the it;ve image of thEFT/CA96/QO£76 h
-9- gative o positi g original brus

5 strokes.

As shown in Figure 8, the female mold 50 has drilled
through its section a multitude of minuscule holes. The
holes may be formed by using a drill 56 with a drill bit
58. The drill bit is preferably of 1/32" to 1/64" in

10 diameter or less. The number of holes drilled through
the female mold 50 will vary depending upon the surface
texture of the female mold. Normally the holes are
drilled every ¥ inch to provide in the range of 9 holes
per .square inch of female mold surface. Care is taken in

15 drilling the holes considering the fragile nature thereof
not to chip the mold surface and also to judiciously
locate the holes in the surface in the manner shown with
respect to Figure 10. The enlarged section of the female
mold 50 shows a number of cuts 60 or rifts 62 in the

‘20 surface. Holes are therefore not only drilled in the
more planer portions 64 but as well, careful steps are
taken to ensure that the fine holes are also provided in
the cuts or rifts 60 and 62. As shown in Figure 10, the
very fine minuscule holes extend through the body 66 of

25 the female mold to the backside 52 thereof. An exemplary
hole is shown through the body 66 at 68. ' _

The female mold is then of a size corresponding to
the size of the artwork to be reproduced. A vacuum
forming box 70, as shown in Figure 9, is provided with a

30 cooling coil 72. The female mold 50 is inserted in the
vacuum forming box 70 and rested on the interior ledge 74
such that the uppermost surfaces of the female mold S50
are below the upper outermost perimeter edge 76 of the
mold box. The cooling coil 72 has a suitable coolant

35 introduced through inlet 78 and discharged from the coil
through outlet 80. Cooling water, gaseous refrigerant or
the like may be used depending upon the extent of cooling



Figure 2 is a perspective view of the application of a nol dabl e
conpound to the substrate to replicate the _____brush strokes of the

original; Figure 3 is a perspective view of the formed male 5
nold to be mounted on a solid backing; . Figure 4 is.a section along
t he section |ines of Fi gure 3; Fi gure 5 denonstrates pouring
of a curalwessnseial  fromwhich the female nold i s neBETCA00176

Figure 6 is a section . through the nale and fenal e nol ds as containéd in
a nol di ng box; - Figure 7 is a sedSi-on through the fermale nold;.
Figure 8 illustrates_the drilli of a multitude of holes in the fenale
moid: 15 | TeqiirRd: o TS FoRTR adiie W EHRHERIId 4R B VASUHL: eof

renoved to il forhimg coobet?d | so taertewbe immediateldiygbemed@h andn enl ar ged
section of t A0 4 I | enkﬂp ' hol es
provi ded in tmﬁlééfgﬂ?]éﬁ%‘? ?s%??éaéc\g\%%% lﬂlgﬂgzlus\ri? 11 | ?i%l %gﬁgg%ct I ve
vi ew showi ng PP n%Rint i FRie ensjyres,ortdmme Saaldng, afh&hga®edM B8 of the
vacuum s f orequiredchparticularly whergwhe hidld i aweld on show.ng the

support of th@ont atdhs pi?f% ih%n%g_gffv ﬁé\ei%;ﬁifn%lhg gqjlsd and the

relative 25 posrtioning o ting ; ] I gure 13 shows
the novenent BEPFPRUGHIGRSy hoke facilifats wacuum forpiRgis@ VRS, A&
t her nof or mabl @rawe e¢hrough ddndbir W), eafida pleaimibeneat® the relief in

the sheet 'feégle mold Fé@”ég &éfir?e@ ﬁ?rﬁ-&%giio\ie p\éir@éft@::mt f&q vaghigm
10 +vacuum conduit 82 is in communication with the plenum, as
defined by partition 84 through an enlarged inlet 86.
With the female mold 50 secured in the vacuum box 70 on
top of ledge'74, a seal is provided about the perimeter
of the mold 50 so that vacuum, as drawn in the plenum
15 above partition 84 holds a vacuum on the hole 68 which
are in communication with the surface of the female mold.

The vacuum box 70, as shown in Figure 11 is
assembled and is ready to receive the thermoformable
plastic sheet 88 which has an image 26 printed thereon

20 which is identical to the image 26 projected onto the
substrate 10 of Pigure 1. The objective is to now
thermoform in the plastic sheet 88 the surface relief so
as to replicate the brush strokes of the original. As is
appreciated by those skilled in the art, there are a

25 variety of thermoformable plastics available which may be
used in the vacuum forming process. The preferred
thickness of the sheets is in the range of 10 to 12 mil.
Preferred plastic materials include copolymers of
polyvinylchloride where the surface of the plastic sheet

30 may be treated so as to receive the printed image and
permanently retain the image on its surface. .Titanium
dioxide and the like may also be included in the plastic
material to give the ﬁaterial somewhat of a paper feel as
well as provide a suitable base on which printing may be

35 applied. The printing of the sheet may be carried out in
accordance with any of the well known printing
techniques, where the image as printed on the sheet is



f or m ng machi ne; Figures 15A, 15B and 15C illustrate in sequence
thg_____appllcatlon of heat—and drawi ng of a vacuum on the sheet;
Figure 16 is a top view of the sheet showing the 35 tenperatures of the

sheet before the vacuumis applied in Fi gure 15C W) 96/ 29189
PCT/ CA96/ 00176 -10- Figures 17A,
17B and 17C WOI9689183t e t he sequence of events where heat?ﬁ'&cg%""%’ﬁnved,
vacuumis continued and- cooling is applied to the thernoformed sheet;

Figure 18 is a top view showing the tenperzt&tes of 5 the sheet at the time
of renoval of the heat.

Figure 19 is a ﬁséﬁn&laﬁﬁ'gnﬁagi’tﬁ.%gét F‘E §§gé¢rlh%¢frln%%ienljéﬁq r?tfggob‘f’fint ed
t her eon; in mhpurogrizdinadows the vacuum forning a canvas relief 10
' ”][ 0 thg print eﬂ pl asfre sHuek! s@f ibl PEbetiSned over the vt boxS 7an
entarged views v?ivt\a.hn%hteheimcaagrév%% facing towards the female mold 50.

5 Although it might be possible to position the sheet 88
over the female mold where the image 26 is in register
with the recesses, cuts and grooves in the surface of the
mold, it is best to ensure registration by use of
suitable guides. Aas shown in Figure 11, corner guides S0

10 are provided at the corners and are of a spacing to
correspond to the dimensional spacing of the corners 92
of the printed sheet 88. This ensures that the
definition of the coloured image on the sheet 88 is in
register with the recesses of the female mold 50 such

15 that when the sheet is thermoformed the relief provided
on the sheet 88 is in register with the image, hence,
when the thermoforming of the sheet is complete the
overall effect is essentially the same as the original in
replicating the brush strckes and sculpting of the

20 original artwork.

Applicant has found that the female mold is the best
approach in vacuum forming the surface relief in the
plastic sheet. This approach is opposite to standard
vacuum thermoforming technology when registration of the

25 1relief with the image on the sheet was important. For
example, Braund’'s aforementioned U.S. Patent demonstrates
the use of the accepted male mold technology to vacuum
form a relief in the sheet in register with the printed
image. Instead, applicant’s use of a female mold brings

30 about a number of significant benefits as shall become
apparent in the following discussion.

In order to effect thermoforming of the sheet 88, it
is supported slightly above the female mold 50 in the
mold box 70. By slightly above it is intended that the

35 sheet 88 is proximate the relatively cool female mold 50
but is spaced slightly therefrom to facilitate rapid
heating of the sheet surface. The mold is supported by



nount ed on the vacuum box over which the sheet of Figure 19 is placed

i n_the vacuum f or mer_of _Fi gur e—20; —Flgure 22 shows—theplastic
“sheet having the canvas 15 reli ef t her nof or ned t her ei n; - Figure 23
illustrates the application to the sheet of Figure 22 of a noldable
conpound to replicate on the surface the brush strokes of the original;
Fi gure 25vOP629I8% ates the application of a curable 20 conPOHRA8I76: o1 ni ng
the female nmold fromthe nmale nold of Figure 23; and Fi gure 25
is a section through the nold box of =17 gure 24 with the fenmale nold
bei ng formed on p of the nmal e of F| re 23. 25 _DETAI LED

DESCRI PTI ON WT?% PRRRERELS ‘Nﬁﬁ%‘ ntl 96y, o Thee G4 Por i ng

process in amembenn2é bashatiaised ledgepoxiicgr &M lapomtpddist es production
time in prodyciifeter @hé’fé nEgd é&%ﬁp% | 63'9%“ 1igC %'&?ﬂ‘:& ‘é@ €8 Pﬁé f or med

t herein an a cura ree-di mensi repro uctlon
original art%ed é&@ﬁ%ﬁ%ﬂ% 921 96rthe plastis Ssheet 8 mngﬁlﬁhéaﬁﬁﬁgﬁr The

process &nd ﬂﬁphrptqpebfpﬁé&&;onlngrufwﬁhenclamplmemnqm 98] thatakheg a
variety of ai:ha oﬁ%&?%‘i&é déoéfgé??'é}aeseet"eéaa'ié’;fx{ ?g‘a’i’s kiel ds. The

convent i onal orm ar repro i ons_whi ch have canvas
backi ng, na§ﬁh¥¥ethﬁc§¢%ﬁe%r° Hri et 5§éﬁﬁh§EﬂFEF§ £ th&PBr oduct i on
once franed @paepreché osheet 88 HFahmét ailiq battidn @dlawipo niembesi g6nal . Such

art A heating device 98 is brought over top of the sheet

10 88. The heating device may be mounted by way of rollers
100 on tracks 102 to allow reciprocal movement of the
heating device over and away from the sheet 88. The
heating device 98 may include heating elements 104 which
are electrically powered to radiate the sheet 88 with

15 infrared radiation. Such heating of the sheet is
controlled in a manner in respect of the sequence of
events described in reference to Figures 15, 16, 17 and
18. In any event, the heating of the sheet 88 does not
cause it to droop, sag or drape onto the female mold 70

20 but instead to soften it to a point where it is about to
droop towards or onto the mold 50. Such controlled
heating of the sheet ensures that the image printed on
the sheet has not moved so that once the mold is
contacted with the sheet, the image is still in register

25 with the relief of the female mold.

As shown in Figure 13, during continued heating of
the sheet 88, the mold box 70 is elevated in the
direction of arrow 106 where the mold box includes a
raised outermost perimeter edge 76 which contacts the

30 sheet 88 about its corresponding outer perimeter edge
88A. At this time vacuum is applied to conduit 82 to
draw a vacuum on the holes 68. The sheet is at a
temperature where it has softened gslightly so that the
vacuum can pull the sheet 88 downwardly onto the relief

35 surface 108 of the female mold 50. Due to the contact
between the upper edge of the vacuum box periphery 78
with the sheet in region 88A, a seal is formed between
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43— eproducti on may—atso be used in the apparel industry wher e
the artwork of different shapes and sizes, as produced by this

i nvention, can be attached to garnents in the formof sheets, vests,
j ackets, jeans and caps. 5 The vacuum fornmed materi al canP?* 176

| am nat ed t‘B°§ﬁ'a?lP9 bags, duffel bags, baseballs, footba soccer
bal | s and other sport itens. In the pagkaging industry, t he vacuum
fornmed i nages in accordance with this invention, nmay be applied to

product packages,es h&g@m pakkafadehgOlReed? HLAGE A6 ES k| @AY _and

apparel packages a packages can then have a surface
texture of art kb¥eugh %FﬁhsénﬁéﬁﬂéstpﬁeshﬁF cEPWRVRF ALY PFHIRR 1RO Ot her
fields of use fadr entexrsvbetiveen theughethecanfpthe ahvobd face ofod he vacuunl
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ext ensi ve g &ccor danc an aspec
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femal e nol d i s neade isOeveRtOrlly WithlP8wn, vacuum maintained, cooling
' 10 of the sheet effected and then release of the sheet by
opening of the clamps 94 and 96 so that the sheet may be
removed from the vacuum forming box.
Although it is understood that a variety of vacuum
forming machines are available in which the vacuum
15 forming box of this invention may be employed, a-
‘preferred apparatus is shown in Figure 14. The vacuum
forming apparatus 112 comprises a support base 114 on
which a solid table 116 is mounted. Hydraulic cylinders
118 are used to raise and lower the solid table 116, the
20 movement being guided by guides 120. The support for the
plastic sheet is in the form of clamps %4 and 96 which
are pivotally connected to a hinge mechanism at 122. The
hinge mechanism 122 is secured to the base 114. The
clamps are moved toward and away from one another by
25 hydraulic cylinders 124 where the lower clamp 96 includes
the lip area 90 to register the sheet 88 over the female
mold 50 which is housed in the mold box 70. The interior
perimeter of the claﬁp 96 is greater than the exterior
perimeter of the mold box 70, as shown in Figure 13. The
30 spacing between the outermost perimeter of the mold box,
as defined by edge 76 is within the inside 97 of the
lower clamp 96. 1In operation the print is placed in the
lower clamp 96 and the upper clamp 94 pressed against the
lower clamp by actuation of the hydraulic cylinders 124.
35 The heating device 98 on rails 102 is moved over top of
the sheet secured in the clamps. While the sheet is
heated to the desired first temperature range, the mold



uni qué aspects of the vacuun1forning pfocess and 25 apparatus which does

not require contacting the original artwork with any form of nol ding
material. As shown in Figure 1, a substrate 10 is nounted on a solid
support 12. The substrate 10, in accordance with this enbodi nent,
conprises a canvas sheet 14 nounted on a solid backing 30 16. The solid
backi ng maywBasasgeni te, chipboard or other subst ant i al PET/CAESITS aner
material. A projection system 18 is spaced fromthe substrate 10. The
| mage projection systemincludes a slighe- 20 which is the positive of a

negati ve exposure of the original artwork. Such positive 35 is devel oped
in the nornmal boknf7Pr deemeved tpwandlyewithintthe clampaqikyiways of .
phot ogr aphed WelieRed@iPo: the\Bhiaulic IcpPiliadrs i . { ihib ld¥deds,> 1 nch
PC/ CA96/ 00176 as previously described, %he seal between q%ggl&% slide

20 i s proj ect eantdovkedshielet 868hstrate 10 by a projection lanp 22. The
| mge is fogused onaeR@r compiBEibA! 5 FolMind ot UM dietS el liilte 24 on
heating device 98 is retracted to its first position, as
shown in Figure 14, which then clears the area such that
cooling fans 126, as mounted on crossbar 128 are actuated
to direct cooling air down onto the sheet 88. The sheet
10 88 is then cooled to the appropriate temperature to
stabilize sheet integrity so that it remains flat and
egsentially warp free and ensure the molded relief in the
sheet 88 is permanent. At that time clamps 94 and 96 are
opened to allow removal of the sheet from the mold box
i5 70.

Cooling of the female mold 50 is preferably
conducted on a continuous basis. Refrigerant is
circulated through the coil 72 to continuously cool the
mold 50. Such cooling greatly decreases the cycle time

20 of the vacuum forming machine 112 because the surface
temperature of the mold 50 should be kept below the
temperature to which the sheet 88 is cooled before
removal from the mold. It is understood however that
cooling of the mold 50 may not be required when the cycle

25 times of the machine are greatly increased. This

* provides sufficient time for the mold to cool down after
each cycle before heat is subsequently applied again tc
the sheet in the next cycle.

The cycle times for the machine are described with

30 respect to Figures 15 through 18. In Figure 15A the
sheet 88 is clamped above the vacuum box 70 with the
heater 98 in its first position. This is the
commencement of the cycle. With the sheet 88 spaced
slightly above the vacuum box 70, the heater 98 moves to

35 its second position, as shown in Figure 15B. Once the
heater is located in its second position, this indicates
the zero time of the cycle. Heat is applied to the sheet



prOJector 18. The i mage once focused appears as a scene S depicted by a

nount ai nous t opography 26 _on the canvas 14. It is understood that the

. projection of the imge may be hori zontal to allow one to work on a
vertical surface or the projection may be vertical to allow one to work
on a hori zonal surface. The objective is to now reproduce 10 over the
i mmge and wods20189f t he canvas the brush strokes si m | BET/CA9&dOtRSe Of
the original artist. As shown in Figure 2, the brush strokes may
be replicated on the canvas by using-2dw i mage 26 as a gui de. A

nmol dabl e conpound is_ap glled to the canvas by 15 wuse of a brush 28 and/or
a spatul a 30. 88THBERAr dEnattaingpryFigst Heemmpnaiure Whd.clr tissbetowbil ity

and is able taormalli ﬁhembebrhhﬁgouﬁpé@étﬁém& aaihesfé%%cblédt he i mige to

apply a surfa th nvas pI| at
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mol dabl e conpb&ﬁﬂg abhpinste theavatewm box TQH%?(NQ“Q@:N@UarﬁbY granpl e, as
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the original qrawdl AAErKklso to provide a8%| Seddife afdlue! ok EﬁQrfgygtng the
brush St O ek B uTR. AR e LS 8 e P AN ARG et res
over the surface of the sheet are fairly consistent
ranging from 203°F up to 210°F (95°C - 100°C). The
15 preferred range is therefore about 90°C to 100°C for this
particular grade of plastic sheet which is of PVC
polymer. At this temperature the sheet of PVC is not
considered to be at its thermoformable temperature,
however, it is sufficiently pliable that when vacuum is
20 drawn the sheet moves downwardly onto the surface of the
mold. However, the sheet still has sufficient structural
integrity that it does not conform exactly to the mold
surface in terms of taking on the shape of all the cuts
and crevices of the mold. As previously described, in
25 this first temperature range, the sheet although
softened, dces not appreciably droop, sag or drape and
certainly does not droop to an extent that it would
contact a significant portion of the mold. At the first
temperature, the sheet may bow downwardly slightly in the
30 middle due to the sheet being supported about its
perimeter. Such slight bowing does not cause movement of
" the printed image on the underside of the sheet relative
to the relief on the mold surface, hence the image
continues to be aligned with the relief on the mold
35 surface. As is generally understood, as the plastic is
heated, normally the plastic begins to move due to
irregularities in the physical properties across the



35 white colour to enhance and delineate the reproduced wor k. By using

a white material the image as projected continues to show up clearly on
the areas that have been W) 96/ 29189

PCT/ CA96/ 00176 - -13- covered with the
conpound. As shown in Figure 3, the conpleted brush stroke

reproduct i wo9éxesss nounted on a solid base 36. The solid PCTICASSO0ES be
three quarters of an inch plywod or other. 5 rigid nmaterial. As shown in
Figure 4, the canvas 14 has on its sugliace the hardened nol di ng
conmpound 38. In section, the relief of the hardened conpound 38
replicates th@heetsphengtiandandsocdnst kagtde memory ofrthenaheettwbtk. The

har dened conpeespedt wbe&l&?a;hoaﬁa Beresl.Ne 16aRUaSLHagkEDge 1BeelS MOUN ed
A shown | n Foapevares £RAv: hooRayiBE Sovarufm pa chel Rhenfoiedixro
provi de upri githesiirages begisse tosmoxe About onr theesheetn %égistryreafpour ed
froma congai je 4%halge with the mold relief can be maintained and
distortion in the image of the final product can be
minimized or essentially eliminated.
Vacuum is continued on the vacuum box 70 through the
conduit 82 with the sheet 88 being against the face of
10 the mold surface. As heating of the sheet continues its
temperature is elevated to normal thermoforming
temperatures which allows the sheet to then move into all
of the cuts, crevices and other relief depressions in the
female mold, thereby completing the formation of the
15 desired relief in the sheet surface on the printed side.
It has been found that vacuum applied to conduit 82 is
within the normal range of approximately 20 pounds per
square inch as per the vacuum gauge which provides for an
external pressuré on the sheet 88 equivalent to
20 atmospheric pressure of 14.7 pounds per square inch.
When the sheet has achieved a second temperature which is
within the normal thermoforming'temperature ranges, the
heating device 98 is retracted to the first position
while vacuum is maintained on the vacuum box 70. As
25 shown in Figure 18, the temperature of the sheet at the
time of retracting of the heating device 98 is
approximately in the range of 310 to 323°F (155°C -
160°C). Again, the discrepancies in temperatures across
the sheet are due to the type of heating device used as
30 well as the space in between the heating device and the
sheet, air currents and the like which can cause regional
cooling of the sheet. The preferred second temperature
for this particular type of sheet is then in the range of
150°C to 170°C which is considered to be in the upper
35 range of normal thermoforming temperatures for the
selected polyvinylchloride copolymer sheet.



15 coVer the male nmold 34. The resin 46 in its uncured state

I mredi ately takes on the surface relief of the nmale- nol d 34, as defined
by the har dened conpound 38. Sufficient resin poured fromthe container
48 to conpletely cover the male nold 34 and to a level in the 20

franmed nold to provide a female nold of a thickness in the range of 1/2
inch-to 3/ 4 ®bogheesch i n thickness. The section of Fi gurcI/éAsswows t he
femal e nold 50 having a | evel backwal|l 52 and contained within the
frame 40. The mal e nol d, as provided i4qpg-he frane 40, has the backing
25 36, the solid substrate 16 and the canvas |layer 14. - Preferably, the

har dened conpound 38ai signafidanttadvantags uin aing a Casalaegenld dspernit
easy removal of ¢h3e the IoemLSanBiéef?fowénéﬁ@eé £ féQ.ns-Eh%?%o gé resin
as, moldes,

46 i s cured In accor gie wi th standard ractlce ected
resin. For exan§PELagep; ofBifBNPURLEH ¢ a%n des\ ing the

80% by wei ght obBheetnsnvwface is a shaxp repmbducumpﬂldﬂ d&he ﬁh&dreelnefs
cured by cycyiCahig cahﬁay Bd hohs &‘u@i‘éﬁa%ﬁé‘% fﬂaeg;eg}u@en%%s off. A
alne

preferred epoxy resin from enque 0 ec and sold
under the tradePEFPtEﬁeﬁﬂﬁgﬁcﬁoi' PRE@Site the Facey BEPSE to a

hardened state the thatpness 46 therﬁﬁb&eﬂe]a:mf ti'sa ]Jmitd ﬂﬁ'dugﬂi etheavay from
the male thickness of the sheet. _

With the heating device 98 in its second position,

10 the surface of the sheet 88 is exposed, as shown in
Figures 17B with vacuum continued to be applied. as
shown in PFigure 17C, cooling fans 126 are actuated to
direct cooling air in the direction arrows 128 onto the
surface of the sheet. As already noted, the vacuum box

15 70 includes cooling coils to ensure that the temperature
of the female mold is below the third desired temperature
at which the relief thermcformed in the plastic sheet
becomes permanent. Preferably, the third temperature for
the selected polyvinylchloride copolymer sheet is in the

20 range of 120°F (50°C) or less.

It is possible to control the sequence'of events for
the vacuum forming machine by measuring temperature of
the surface of the sheet 88. It has been found that due
to the consistency in the physical characteristics of the

25 sheet 38, it is possible to operate the wvacuum forming
machine 112 on the basis of cycle times. For the
selected polyvinylchloride copolymer sheet, it has been
found that ideal processing times for the type of heating
device used is heating of the sheet to the first

30 temperature in 10 to 12 seconds. Application of the
vacuum from approximately 12 seconds to 25 seconds. The
heater is then withdrawn and moved to its first position
after 25 seconds from the commencement. Vacuum is
continued to be applied and cooling directed onto the

35 sheet for a further 20 to 25 seconds at which point after
a total of 32 to 50 seconds, the clamps are released and
the sheet is removed. Considering approximately 15
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-14- nmold 34." This prOV|des in section the female nol.d 50 free of
the male nold and carrying on its surface I ndentations 54 in relief
which in essence is the negative of the positive inage of the original
brush 5 strokes. As shown in Figure 8, the fenmale nold 50 has
drilled wbibgSgd its section a nultitude of m nuscul e hoPCHCASGNS176

hol es may be formed by using a drill 56 with a drill bit 58.  The drill
bit is preferably of 1/32" to 1/64" in 10.23ki aneter or |less. The nunber of
hol es drilled through the female nold 50 will vary dependi ng upon the
surface t emegendef sehpf bimecand| tocapimg| the tsheedtoligs thee machige | | ed

every 1/2 inchghg abs¥b§§mheeipelsaaasoﬂas9f@elfémov1n. Q&E§QEﬁk& ifech Of

femal e nol d sur ace. in |II th S sidering the
fragile nature® ﬁeF‘ESgane' ﬁof'c”fﬁ cF¥Yp ‘Fh'é ‘HP%}? “ﬁf 30 1.3
judiciously mihateseishprbweidedin Ibelsuappmnniatedu;humgmemhahow&EMAth

respect 10 £i Oyhgully £B3R18H! gé&ﬁﬂnéeﬁagoaeo;ug&ﬁaémcﬁ furtHEY Geaficahons

a nunber of cure ’Eg? es .are therefore
not only drill &#ej FYChE timepny This gyel ﬁo?%@%nﬁs 11888, ef ul
steps are theanthe eysleetimatof hetheneplasteic atrhezatkos&oqmmg ded in

the cuts or ri ng.,.6 sh
m nuscul e hol egﬁ%)lzx?gﬁg ?’ﬁr l%akﬁﬁ?h gga{-'ﬂ%G %# %% t]he fem‘ﬂ nDJ%/éyto t he
backsi de 52 't h&ABEE. °Anm9§5n§FaP§ art machines are in the range of

10 to 6 minutes. Hence, by way of the method and apparatus

of this invention, the cycle time is considerably reduced
to realize a significant economy in production while
continuing to produce an acceptable product for various
market segments.

15 Although the vacuum may remain applied to the vacuum
box until the end of cooling, it has been found that with
most applications with PVC sheet, that the vacuum can be
removed from the vacuum box at approximately 45 seconds
from startup because with appropriate cooling devices,

20 the sheet is cooled to a sufficienély reduced temperature
that the relief as thermoformed in the sheet remains in
its defined pattern. However, if there are difficulties
in that respect it is desirable to maintain the wvacuum on
until the end of the cooling cycle and the temperature

25 has reduced to an acceptable level in the range of 120°F
or less.

As an alternative embodiment to the procedure
described in respect of Figures 1 through 6, Figures 19
through 25 set out another procedure for making the male

30 mold. As shown in Figure 19, a plastic sheet 130 which
may be of PVC material has an image 132 printed thereon.
The sheet is substantially flat and smooth and in essence
is the same as sheet 88 used in respect of the
thermoforming process described in Figure 11. 1In orxrder

| 35 to modify the sheet 130 to resemble an original piece of
art, a canvas relief is formed into the surface. This is
accomplished by clamping the sheet 130 in the clamps 96




hol e i's shown through the body 66 at 68. The female nmold is then

of -a size corresponding to the size of the artwork to be reproduced. A
vacuum——— form ng box 70, as shown in Figure 9, is provided with a 30
cooling coil 72. The female nmold 50 is inserted in the vacuum f orm ng
box 70 and rested on the interior |edge 74 such that the uppernost
surfaces of GhsedBpe € nol d 50 are bel ow t he upper out er rRCIVCASS001TEL er
edge 76 of the mol d box. The cooling coil 72 has a suitable coolant 35
i ntroduced through inlet 78 and di scharged-baem t he coil t hrough out | et
80. Cooling water, gaseous refrigerant or the like may be used

dependi ng upon tdrmd 9@ ealdowd owduwp box 70. ANCagwaB0189 is laid over
PCT/ CA96/ 00176 +ne yacuum box 70 where the perlﬁgier edge ﬁequrEﬂe The

cooling coil is positiqned in the 0 as to be
i mredi at el y benSAFHUHPOX e];ﬁ‘@ttﬁsalﬂ .%ﬁlgeom&‘-% tlﬁst F?é Eﬁﬂef-’gf‘ﬁ%sof the -
femal e nol d sifeetThi Witts whes vEprhiumboo 3o ] evatiede agalidsasther equi r ed,

particul arl ys"‘*‘%&é&@;é’%ﬁeéé 15689 Yk heating device 98 applies heat to

the sheet 130. Vacuum is applied to the conduit 82 to
draw the sheet 130 down onto the canvas 134 where a seal
is formed in the region 138 as the sheet is pushed
against the edge 76 with the canvas 134 sandwiched

10 therebetween. Heating and vacuum is continued until the
matrix of the canvas is formed in relief on the plastic
sheet 130. The heating process is conducted in a manner
to ensure that the image 132 is not distorted so that the
sheet as cooled and removed from the vacuum forming mold

15 resembles the sheet 140 as shown in Figure 22 where a
canvas matrix 142 is on the surface of the sheet having
the image 132. In order to replicate the brush strokes
on the thermoformed sheet 140, an artist uses a molding
compound which is applied to the image in a manner to

20 'reproduce the brush strokes of the original. Preferably
the molding compound as applied to the surface of the
sheet 140 is clear so that the image 132 continues to be
visible beneath the molding compound. A suitable molding
compound which is useful in this regard is the clear .

25 acrylic polymer gel used by artists for certain acrylic
artistic works. The molding compound, as supplied in
container 144, is applied by a brush 146 or pallet
knives, sponges, dabbing clothes or tissues as commonly
employed by artists. The clear molding compound is

30 allowed to harden and then constitute the male mold for
forming the female mold. As with the first embodiment of
Figure S and 6, a curable resin 46 is poured onto the
male mold surface 148 from the container 48. The male
mold 148 is supported on a plywood backing or the like,

35 as was done with respect to the embodiment of Figure 3,
and surrounded by a suitable frame 40. The curable resin
46 is poured into the mold box and contained by the frame



continuous basis and in vacuumform ng the art reproductions. To
facilitate vacuumformng, a vacuumis  drawn through conduit 82, enters
a pl enum beneath the femal e ol d 50 as defined by interior partition
84. The 10 vacuum conduit 82 is in comrunication with the plenum as
defined by partition 84 through an enlarged inlet 86. Wth the femal e
nol d 50 seqyd sshonsd t he vacuum box 70 on top of | edge 7RCHCAWHOITGS
provi ded about the perineter of the nold 50 so that vacuum as drawn in
t he pl enum 15 above partition 84 hol ds -a-ggsuum on the hol e 68 which

are in communication with the surface of the fermal e nold. The
vacuum box 70,4@starowevel mhawne inl Rigure 25ssckbPetiegin 46 isatheno

recelt vg Eﬂe tk@u;agi cadm%ﬁn a feraitaq%t Iu@;tlah?%ayS&smhameSaaambgaseraﬁfh
printe ereo C ent i Q.thelinmm [ 0j ed, ont o, t he
substrate 10 o dﬁ?% %ﬁ1 asional 58%33% f?ﬁﬁrﬁ%ﬁo?ﬂf? the

pl astic sheet Ehbtﬁﬂmaiﬁfmnidlﬂﬁplﬂbawa theamale moptli surfaceclsBushirs -
strokes of gt hagDih KR! £ xS énﬁoodmemor%Ieahﬁdebmomoaarﬁkeélﬁs i et he
art, there are a 25 ar| ty of therng@&rnaa# %§t|cs av§ilable whi ch may
be used i -XFF &+ h@aﬁ eP8r PeB*“*+“°Pht ckness of
the sheets is Aftqmé:hearmm i:ﬁ)cmxeﬂzm iform a hRayfecfewdlel weldcbadyerial s
I lngl ;Jdg uﬁgglt YIS S ﬂ{ebemq[].rde)g![d\ﬂz%\géegh'o?’ehd‘ig‘g“%h% EEﬁarile!Li;ngﬁé %1&269.&
plastic s SO as pr. i i

per manent | y re?‘a‘?mrﬁ'e TS AGR 2A8 sy cg m?\r{FaWPgﬁ'l is Woﬁ?ﬁgyagﬁrt he
i ke may aloso tmeat:mﬁnnjem iacadrdances miith themembodimentsgofeFigerent 2ri al

sonmewhat  of a 58 @faréanstaﬂ%!éi&,s iR Q.Yx'ed%aéuﬁh\' baR! gobasgnon which
printing may b prlntl ngx be carrled out in
accor dance mnt?F ce e th nﬁg Jhent” or rming t

female mold, a dlrect approcach in providing the brush
gstrokes on the surface by use of the molding compound is

15 achieved. Assuming that the selected material for the
sheet 130 is readily thermoformable, the canvas matrix is
readily provided in the sheet. However, for selected
materials or thicke: materials which are desired in -
making the male mold, the first embodiment is preferable

20 in that the artist reproduces'the brush strokes directly
on the canvas material.

In accordance with this invention, a consistent
quality product is produced which forms a faithful
reproduction of the original artistic work. Products

25 made by the process and apparatus of this invention have
many end uses as previously discussed and are not only
limited to reproduction of original works which are
framed.

Although preferred embodiments of the invention are

30 ‘described herein in detail, it will be understood by
those skilled in the art that variations may be made
thereto without departing from the spirit of the
invention or the scope of the appended claims.



tech"ni gues, where the imge as printed on the sheet is W)
96/29189 —_— PCT/ CA96/ 00176 .
-16- essentially identical .ln_colour and definition as found in

t he original. The sheef TR SHEPP$IAL] g{?ﬁp over the vacuum box 70
with the image 26 facing towardsg thefﬂ?ﬂﬂb@D 0. 5 Although it m ght

be possi bl wo96/2918% t i on t he sheé  femal e mpCIVCUbRs0E76 he
i mage 26 is in register with the recesses, cuts and grooves in the-
surface of the nold, it is best to ereBH e reglstratlon br use of

sui tabl e guides. As shown in Figure 11, corner guides 9ﬂlmu ”rlwﬁ d
0 g t I

at the corner SLBd¥84r e of a spacing to correspond
spaci ng of the corners 92 of the printed sheet 88. Thi s efisufes®t hat

in i ster

W th the recedses & vpanm: 2oPhifs, hHBESeS el biife dnehinBhentcp!s
t her nof or med thermefrgmaple, pdagtic 1E#Ptﬁna%ﬂﬂn;?tasthseandumgnsnenahﬁth
the image,5heredief reproduction of an original artwork, said sheet of

plastic having printed on one side thereof a permanent

image of said original artwork, said process comprising:

i) supporting said printed sheet of plastic
proximate a vacuum forming female mold with said printed
10 side facing said mold, said female mold having a surface

relief therein which is a reproduction of the surface

relief of said original artwork, said image being in

register with the surface relief of said mold, a

multitude of vacuum forming holes being provided in said

15 wmold; .
ii) . heating said plastic sheet;
iii) contacting said mold with said sheet while said

sheet is heated to a first temperature which is below
normal thermoforming temperatures where the first

20 temperature minimizes movement of said image relative to
said mold due to'heating of said sheet, immediately
applying a vacuum to said holes in said mold to commence
drawing said plastic sheet into said mold and fix thereby
said sheet relative to said mold relief to further

25 minimize image movement on said sheet relative to said
mold;

iv) continuing to heat said plastic sheet while
maintaining vacuum on said holes in said mold to complete
forming of said three-dimensional relief in said szheet;

30 v) stop heating said plastic sheet once it has
attained a second temperature in the range of normal
thermoforming temperatures while continuing to apply
vacuum to said mold holes, cooling said sheet after
heating is stopped to cool said sheet below said first

35 temperature to a third temperature to render permanent
said three-dimensional relief formed in said sheet,

I
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when the thernoform ng of the sheet is conplete the ffect is
. essentially the sane as the original in replicat mu‘mg ﬂﬁlmutkes
and scul pting of the 20 original artwork. c nd

S

that the female nold is the b n vacuum form ng the surface
relief in the pl astic shagﬁk;§ .ﬁ- ﬁ@gﬁh IS opposite to standard
vacuum tweperesisy m ng technol ( stration of thePEHCAS@GIZE Wit h

the image on the sheet was inportant. For exanpl e, Braund's
af orenenti oned U. S. Patent denonstrates27- the use of the accepted nale
nol d technol ogy to vacuum forma relief in the sheet in register with
the printed Vi) mageStopstetingirid sheet and glempviee malid mhleetbri ngs 30
about a nunpesmosasdambidcant benefits as shall becone apparent in the
fol l.owi ng di scussi on. In order to effect thernoform ng of the
sheet 88, it I's supported slightly above the female nold 50 in the
mol d box 702. By 3| pyPpcegs Hbvelaim L, jwhersinl saigd nald 35 coeded 8% i s
proxi mike thiAchthi ¥8id wonE der@l CemPerhtire beldWizadia EMac slightly
herelom ! CemBShhLbel el Bhdhor 1n "SEM 1 Yadd SrlE° e ol Ena Bl ™
temperature.

3. A process of claim 2, wherein said mold is cooled
10 continuously during said vacuum forming process.

4. A process of claim 1, wherein said multitude of
vacuum forming holes are each of minuscule dimension to
preclude vacuum drawing of said sheet into said holes.

15
S. A process of claim 4, wherein locating of said
holes in said mold includes positioning said holes in
relatively deep recesses in said mold relief to enhance
. forming the desired relief in said sheet,
20

6. A process of claim 1, wherein said sheet is

supported within less than 1 inch above said mold to

provide for rapid heating of said sheet and rapid

contacting of said mold with said sheet once said sheet
25 is heated to said first temperature.

7. A process of claim 6 wherein said sheet is clamped
about its periphery on said mold when said sheet and mold
are contacted to ensure application of vacuum to said

30 printed side of said sheet.

8. A process of claim 4 wherein said holes are 1/32"-or
less in cross-section.

35 9. A process of claiﬁ 4 wherein said plastic sheet is
of polyvinylchloride, said first temperature is in the
range of 90° to 100°C, said second temperature is in the

S T
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VO 96/29189 PCT/ CA96/ 00176
-17- way of opposing clanp nenbers 94 and 96. The c 6
has a rai sed | edge portion 90 ab IS perinmeter wh m IE [u '
portion 90 is identical to the .| THSGHFET q9&§ 2 of the plastmc she
88. This ensures, 5 wth proper#p05|tﬂ ?ﬁﬂ%a cl anp nmenber 96, that

t he [ magwmmzbm under side o n regi st ePCT/CA8IDUING t he
relief of the nold 50. C anp nenbers 94 then c anp the sheet 88 agai nst
the bottom cl anmp nenbers. 96. - ' A hea28ng device 98 is brought over
top of the sheet 10 88. The heating device may be nounted by way of
rollers 100 ranger &k 35062 teolIPrevwanpdc ppidchhind vesmprraffuredeing

heati ng devi ce Qs amdmsaycl.romthe sheet 88. The heati ng device 98
may include heating el enents 104 which are electrically powered to

radi ate the sheet 88 with 15 infrared radiation. Such heating of the
sheet is corkO.ol ey appaxatusnéeri nacuupeforoving hinte quctizin osheet of

event s descrsbegHermcoHorniMe bantaer ehtdoanllccdfadlchree 1Pimdils f6al
event, the heatln of the s

d
drape onto the F&mdSE ﬁﬁﬁﬁngﬁ %6°nb8? Fﬁs?§é819855%$€kéf¥{ckkécxﬁ%ﬁﬁf' O:are
it is about to plashigohavingr gpriotednco ohe sbfd Eler&pt A (Eexmanent

heating of the shRgle ¥FWal3 b&aglhaq hRR@BrR! | Bhed Qﬁparatﬁae sheet has
not noved so that once .the nold s contacted with the sheet, the inmge

is still in regiCtMB¥A®4095 th the relief of the female nold. As
shown in Fig@re 13, iduri ng cacuumiédrnéag figmale mold hbavingta 8urfaee nol d

box 70 is el evatyd jid¥ ldMarein which is a reproduction of the surface
relief of the original artwork, a multitude of wvacuum
forming holes being provided in said mold;
ii) means for supportlng the printed sheet of
15 plastic proxlmate said mold with the printed side facing
said mold, said support means supporting the image in
register with said surface relief of said mold;
iii) . means for heating the plastic sheet, said
heating means being mounted on means for reciprocally
20 moving said heating means from a first position away from
said mold to a second position over and spaced from the
unprinted side of the plastic sheet;
iv) means for moving the plastic sheet and said
mold relative to one another to contact the plastic sheet
25 with said mold when said heating means in said second
position heats the plastic sheet to a first temperature
whlch is below normal thermoforming temperatures;
v) means for sealing a perimeter of the plastic
sheet to a corresponding perimeter of said mold;

30 vi) means for applying a vacuum to said multitude
of holes in said mold when said sealing means seals the
plastic sheet and the plastic sheet is at the first
temperature;

vii) said reciprocating means moving said heating

35 means back to said second position when the plastic sheet
is at a second thermoforming temperature;

Thrs Sheet Has Been Renlaced
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direction of arrow 106 where the mol d box includes a rnDst
perinmeter edge 76 which contacts the 30 sheet 88 at about muﬂﬁ '@ ME mrg

out er perimeter edge 88A. Al_this tine vacuumis app I e

to . draw a vacuum on the hol p at a tenperature
where it has softened slightly $Hﬁﬁg?%§%§?§qﬁEN uum can pull the sheet 88
downwar dl yweyyeRoigee relief 35 & f emal e NPCWCA600IBUE t O
"t he cont act bet ween the upper edge of the vacuum box periphery 78

with the sheet in region 88A a seal is §zg+red between WO 96/ 29189
PCT/ CA96/ 00176 t he vacuum box and the sheet. Hence, vacuum drawn

t hrough hol es &&:Lcir)aws meanshfer doohingdthe hpltastic mheet wiith eatial s

bet ween the shes qﬁp“kg&mnqhd.gggeséggnd posy@iéﬁ vacuun1cont|nues to be
drawn, the heatln evice 98 remal Ns,over 8 comiiunng to heat

it with i nf r dfdd r adi®2R% °f163§8v?ﬁ§ts?ﬁ g?ﬁﬁﬁm M A2 nor nal
t her nof or m ng rArtgidumeurcf hédesi whebetHespliastilc sheet tis rangdest by t he

cycle of eyents;f ddAUny héans"®o a third temperature, said sealing
- means releasing a seal between said mold and the plastic
sheet to permit removal of the formed plastic sheet from
the mold.

10 11. An apparatus of claim 10 wherein means is provided
for cooling said mold to maintain said mold at-a
temperature below the third temperature.

~12. -An appafatus of claim 11 wherein a cooling éoil is
15 provided in contact with said mold beneath said surface
relief.

13. An apparatus of claim 12, wherein said multitude of
holes is each 1/32" in diameter or less, means enclosing

20 said holes to provide a plenum behind said mold, said
vacuum being in communication with said plenum.

14. An apparatus of claim 10 wherein said support means
includes a clamp for clamping the perimeter of the

25 plastic sheet, said perimeter of said mold being
dimensionally within an inner perimeter of said clamp.

15. An apparatus of claim 14, wherein said relative
movement means moves said mold toward the plastic sheet

30 and said sealing means seals a perimeter portion of the
plastic sheet within said clamp, to said corresponding
perimeter of said mold.

16. An apparatus of claim 10, wherein said heating means
35 comprises a heating element for radiant heating of the
plastic sheet.
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heat is eventually w t hdrawn, vacuum mai ntai ned, cooli Of t
effected and then rel ease_of the sheet. by openi ng gﬂ! I |lg“ EII mnd
96 so that the sheet .may be renoved fromthe vacuu s

Al though it is understood that a [ i form ng machi nes are
avai l abl e in which the vacuum 15 V?Jgrses%ﬁ HN@?FEIEPH s invention may be

enpl oyed, a wosespymberred appar atlus—i.s k‘gﬁi?n Eidure 14. TRET/CAN9MIG6
form ng apparatus 112 conprises a support base 114 on which a solid
table 116 is nmounted. Hydraulic cylinders -30~ 118 are used to rai se and
| oner the solid table 116, the 20 novement bei ng gui ded by gui des 120.
The support forlPhe An appasarusspEctlaim}0¢ Hhgxain Mrid seeding wmanes

\A\hich . har_e pbuggahbﬁscanaesleﬂgtﬁaﬁ' f!d:flgﬁf@éﬁmdf '&moaiiln&hrTBato g
i nge mechanis u 0 a re_nove
toward and am%#?oﬁ?’%ﬁgggnéggsé g{’/&SSBg%&;/dlrléaﬁ?%J%yll imr?gé'PgnIf)%E BP¥Phe
| oner clanp 96 eadéfiubeating mams| backrea s@id ofivgf Masitilen.sheet 88 over
the female g nold 50 which is housed in the mold box 70. The interior

perinmeter of the_clagp 96 is_greatgr fhan e exteriaor _eter of the
nol d box 70, asggho iﬁp?f“ﬁﬁg’é‘?lgf %%I%Oigs%ﬁw lfet%&ﬁ%ﬁagrouterrmst
perineter of theontradlBokhe timingdefiactuayieript FRid reciprecrbe i nsi de

97 of the |ﬂ%inﬁ| ABRNEG. shidopeLative hbrerdntimdand) aa9d sRal ks,
| ower clanp 96 and_t he

upper .cl a 4.pressed _agai nst the | ower, _cl anmp
by actuation of ‘“Fﬁ@hyﬁ?ggﬁ g°5y$$ﬁg¥f§glﬁ9m§§gml¥}er@§t E0F F8TPEEMEs on
rai-ls 102 i¥0 noveduumedurdpgothe vachumsfierming g ®plid & reldefnps. thsil e
the sheet is plgggg@dshgegbeldesi red first tenperature range, the nold

19. An apparatus of claim 10 wherein means is provided
for registering the image with said surface relief of
15 said mold. '

20. In a method of producing a male mold for use in
making a female mold which is used in vacuum forming a
thermoformable plastic sheet to form an accurate three-

20 dimensional relief reproduction of an original artwork,
said method comprising:

i) mounting a substrate sheet; ,
ii) projecting an image of the original artwork
onto said substrate sheet;
25 iii) applying a moldable compound to said substrate

to replicate brush strokes of the original image where
projection of said image onto said substrate guides
application of said compound;
iv) allowing said compound to harden to provide
30 said mold from which a female mold may be made.

21. In a method of claim 20, said compound is selected
from the group consisting of an acrylic polymer molding
paste, an acrylic polymer gel and a mixture thereof.

35
22. In a method of claim 20, said substrate is canvas
sheet mounted on a solid support.

This Sheet Has Been Re ac
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19 hox 70 d dly within the cl Pdggrﬁmﬂ%ﬁm e
~19- : t
. ox 70 1s noved upwardly wthin e clanp ¢ | ﬂugﬂuljs”“m ,

extension of the hydraulic cylinders 118. This effects,

descri bed, the seal between the —tox—————and-t he sheet 88.

After conpletion of formng of f ﬁg”élﬁgﬁfkﬂs BEEN heating device 98 is
retracted wossksisdi rst position|l_as REPLAGEDN in Fi gure 14 PCHIGAoK0e1nEN

clears the area such that cool ing Tans I26;—as nounted on crossbhar 128
are actuated to direct cooling air d@ar onto the sheet 88. ‘The sheet 10
88 is then cooled to the appropriate tenperature to stabilize sheet.

integrity so 2hat In 3 dieihnd rofiipradnecing & sake sold forp useednand ensure
B 06 are e e e o o 15
0. 0T PR i P e s iR An aceyrate Ehragc ed on a
conti nuous ba@imensianalarekief reprodiatdginaiodd aphcaugiingie actiwbrk? t o
continuousl y §£04 rd¥hod cdiphhPi@g.Such cooling greatly decreases the cycle
tine i) thermoforming a canvas relief in a
thermoformable plastic sheet which has an image of said
original artwork printed thereon; .
ii) applying a moldable compound to the printed
10 surface of the sheet to replicate over said image brush
strokes of the original image, said printed image guiding
application of said compound,
iii) allowing said compound to harden to provide
said male mold from which a female mold may be made.
15 |
24. In a method of claim 23, said molding compound being
transparent. '

25. In a method of claim 24, said molding compound being
20 a clear acrylic gel.

26. In a method of claim 23, said plastic sheet being of
polyvinylchloride.

This Sheet Has Been Replaced - :
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20 - of the vacuum form ng machine 112 because t he surface tenperature
-of the npld 50 should bhe kept helow the fenperature to which the sheet
"88 is cool ed before renoval fromthe nold. It is understood however

t hat cooling of the nold 50 may not be required when the cycle 25

times of the machine are greatly increased. This provi des sufficient
time for WO%WI8 to cool down after . each cycl e bef or POWGAS6108176
subsequent|ly applied again to the qfeet in the next cycle. - The
cycle tinmes for the machi ne are descrl etV th 30 respect to Figures 15

through 18. In Figure 15A the 'i"et 88 anped above the vacuum box
70 with the heat er Qam 10 s B posif This is the
ifl[ e th t heet 9 spaced slightly above the

comencenent of fhe i1
vacuum box t he KHHE jib 35 iXs second position, as shown in
Fi gure 158. I eiz=e>docat dLin its sec pgsition, this

I ndi cat es i il le. Heat is appli t & t he sheet

WO 96/ 291 = PCT/ CA96/ 00176
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88 until it attains a first tenperature which is bel ow nor mal
thernmoform ng tenperatures for the sel ected t her nof or mabl e pl asti c.
While this first tenperature is bei ng attained, the vacuumbox 70 Ts
noved upwardly in 5 the direction of arrow 106 and a vacuumis drawn

t hr ough conduit 82. This pulls the sheet 88 against the female nol d
in a manner wibesseisoed with respect to Figure 13. The t emoecAbsmorzs f or
the sheet are illustrated in Figure 16. Thernocoupl es were | ocated on
the sheet to determine 10 its surface2fHhperature at the tinme when the
vacuum was drawn and al so to provide an average value for the first
tenperature. As shown in Figure 16, tgm t enper at ures over the surface
of the sheet are fairly consistent. rangi ng from203[err]F up to
210[err]F (95[err]C - 100[err] Q). eferred range is therefore
about 90[err]C to 100[err]C for pgxlsyl ar gradB]@f Pl astic sheet .
which is of PVC pol yng e sheet of PVC is not
considered to be at i+t however, it is

sufficiently plidQ peet noves
downwardly onto t & sheet still has
sufficient struct@Qs Mormexactly to the
nol d surface i he cuts and
crevices of the nold. this first

t enper at ure range,

droop, sag or drape and / Y ot dr to an gxtent that it

woul d contact a sig'iﬁficant portion of the no{d. At the ¢irst

tenperature, the sheet may bow downwardly sl i ' Fi() & due to
]

the sheet being supported about its 9 4

- )




perirmeter. Such slight bowi ng does not cause novenent of the printed

i mge—omthe—under side—ofthe sheet relative to the relief on the nold
surface, hence the image continues to be aligned with the rerief—omthe
mold 35 surface. As is generally understood, as the plastic is

heated, normally the plastic begins to nove due to irregularities in

t he physic Sfff%}?@rties across the WD 96/ 29189  PCT/CA96/00176

PCT/ CA96/ 00176 -21- sheet | ength and
al so due to the menmory of 4+ eet ‘wi BA10  respect to strain and stress.
It has therefore been gfered that in drawing a vacuum on the sheet
bef ore t he i nmage 5 0P nove about on the sheet, registry of 5 the
i mage with the m)ld‘l5 gan be nmi ntai ned and distortion in the :
i mage of the final producifan_l m nimzed or esser‘_t:@l Bj el i m nat ed.
Vacuum i s continued on the e n&tit 82 with

t he sheet 88 bei ng agai nst} o~ . w( face. As heating of

t he sheet continues its _




tenperature is elevated to normal thernoform ng t enper atures which
,allows the sheet to then nove into _all of the cuts, crevices and other
relief depressions in the femal e nol d, thereby conpleting the formation
of the 15 desired relief in the sheet surface on the printed side. It
has been found that vacuum applied to conduit 82 is Wi thin the nornmal
range of syapsemstsyately 20 pounds per square i nch as paCTICA®6/06076/UM
gauge whi ch provides for an external pressure on the sheet 88 -

equi val ent to 20 at nospheric pressure 4 Z 0l4. 7 pounds per square inch.

-When the sheet has achieved a second ténperature which is wi thin the

normal thernoform ng tenperature ranges, the heating device 98 is
retracted to the first position whil e vacuumi s maintai ned on the
vacuum box 70. As 25 shown in Figure 18, the tenperature of the sheet at

t he time of retracting of the heating deV| agESOX| tely in
the range of 310 to 323F (155[ érY} I'SC éggnC|es

in tenperatures across . - [
used as 30 well as the space~ e

sheet, air currents agd e like mhxeh—c&ﬂ*;ause regional g

the sheet. The preferr“\\Spenﬂ'tenperatupe TDr*?h;sspaﬁtlcul—,-type of
sheet is thenin the rangeNg =<

consi dered t%l‘g 12 the uppersSg il I ng tenperatures
for-the sel ect ed pol Y ot . S\

FIG.12. - o8
100
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-22- A significant advantage in using a female nold is t hat
the printed side of the sheet is against the nold surface. This ensures
that the relief as nolded in the sheet surface is a sharp reproduction

of the nold relief. 5 This cannot be achieved wth a nmale nold because the
printed suri6e§29199 opposite the male nold surface, hence PCH/CAISHOSpNESS
of the nold relief is lost through the t hi ckness of the sheet. :
Wth the heating device 98 in its secgﬂqoposition, 10 the surface of the
sheet 88 is exposed, as shown in I'gures 17B with vacuum continued to
be applied. As shown in Figure 17C, cooli fans 126 are actuated to
direct cooling air in the direction ar onto the surface of the
sheet. As al ready noted, CUuUly bo 071 ncludes cooling coils to
ensure that the tenperat of e nold is belowthe third

desired tenperature t he th nn;grned in the plastic
sheet becones per . a frd'tenperature for t he
selected pol yvinyl chljride copol yngr L5 in the, 20 range of 120[err]F
(50[err]C) or |ess. It is]Jposs 0 contr sequence of
events for t he valcuum form ng et measuring terfperature of
. - ]
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the surface of the sheet 88. It has been found that due to the
.consistency in the physical characteristics_of the 25 sheet 88 jt is

- possi ble to operate the vacuum form ng machi ne 112 on the basis of
cycle tinmes. For the sel ect ed pol yvinyl chl ori de copol ynmer sheet, it has
been found that ideal processing tines for the type of heating

devi ce uSeQ9t/wiseati ng of the sheet to the first 30 tenpePGRAGAMPIF610 to 12
seconds. Application of the vacuum from approxi mately 12 seconds to 25
seconds. The heater is then withdrawn and noved to its first position
after 25 seconds fromthe comencem®#0 Vvacuumis continued to be
applied and cooling directed onto the 35 sheet for a further 20 to 25
seconds at which point after a total of 32 to 50 seconds, the cl anps
are rel eased and t et is rennved Consi deri ng approxi mately 15

WD 96/ 29189 PCT/ CA96/ 00176

-23- © secongds se and IocatlnS:the sheet gn t he nmachi ne and
approxi mat el y ¥§ seg N\r enovi ng the\iheet frome—
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FIG.14.



t he nabhine, a total cycle tine of approximately 1 to 1.5 mnutes is
preovidet—i—-s- appreciated-though that the 5_vacuum form ng nmachi ne may be

automated to further reduce the cycle time. This cycle tine 1S

consi derably | ess than the cycle tine of other plastic thernoformng
machi nes in nmaking artistic reproductions. Normal cycle times for. nost
prior art miVPPHBI8%Kre in the range of 5 10 to 6 mnutes. PenNCRIsHIISAY
of the method and apparat us of this invention, the cycle tine is .
consi derably reduced to realize a HWnificant econony in production
whi | e --" | . ept abl e product for various

mar ket se m[

vacuum "

nost appl jcations with PVC sh , that gif8

A RN S PR

t he- vacuufn box at approxi me®8y 45 secHfd &4t h
appropriafe cooling devices, 20 the sheet} i} ently
reduced t gnperature .that the relief aSilie - Heet

remai ns i [ ft ped pattern. However, if lties

In that respect F?@?%l rable to maintain the vacuul il the end

of the cooling cycle and the tenperature 25 has reduced to an acceptable
| evel in the range of 120[err]F or |ess. As an alternative
enbodi ment to the procedure described in respect of Figures 1 through
6, Figures 19 t hrough 25 set out another procedure fggﬁnaking the mal e
30 nmold. As shown in Figure 19, a plastic sheet 130 whi Eﬂgy be of
PVC material has an inmage 132 printed thereon. The sKget i

substantially flat and smoot [pmdeim es EEHW‘-’!]'"F S th%pe a$ shdet 88

used in respect of the

| o
FIG.16. ez} 0

+ ' -+ +
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t her'nof orm ng process described in Figure 11. In order 35 to nodify the

sheet_130 to resenble an original_piece of art, a canvas relief is
formed into the surface. This is acconpl i shed by clanping the sheet 130
in the clanmps 96 WD 96/ 29198
PCT/ CA96/ 00! 76 - 24- and 98 above a
vacuum bow@0s29iecanvas 134 is laid over t he vacuum b®CTICA9sI0e1?6 t he
perimeter edge 76 of the vacuum box el evates the edge portion 136 of
t he canvas sheet. Wth the vacuum box 70 el evated against the 5
pl astic sheet 130, the @tl ng device g)§pgapplies heat to t he sheet 130.
Vacuumis applied to th onduit 82 to draw the sheet 130 down onto the
canvas 13 T OT TTET}i N the region 1387as THe"Sheet is
pushed W Vs 132
t her ebet : Sl s i NEGAL ' ¥ i X of the
canvas is orrred in reI [ ef on the pl ',,,,>,'uf—~~ SheE TN g

. process is] conducted in a manner il Rl 1l |mage 132 is not
di storted po that the

FIG. 17A.
FIGIS. | + + +
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sheet "as cool ed and renoved fromthe vacuum formng nold 15 resenbles the

sheet 140 _as shown in_Figure 22 where a canvas matrix 142 is on the
surface of the sheet having the image 132. I'n order to replicate the
brush strokes on the thernofornmed sheet 140, an artist uses a nolding
conpound which is applied to the inage in a manner to 20 reproduce the
brush strokagoegndige original. Preferably t he nDIdlng c

applied to the surface of the sheet 140 is clear so that the |nage 132
continues to be vi si bl e beneath t h®/#®l di ng conpound. A suitable

mol di ng conmpound which is useful in this regard is the clear 25 acrylic
pol ynmer. gel used by artists for certain acrylic artistic works. The
nol di ng conmpound, as supplied in conta|ner 144, i q7ppplied by a brush
146 or pallet !G‘\I/‘R? sponges, dabbing ' tlssues as commonly
enpl oyed by artists ‘cl ear d 3 al l owed to harden and
then constitute the nale . g_mold. As with the

first enmbodi nent of
t he mal e nol d su R,
148 is supported on a plvm
respect to the enbodi nent o
frame 40. The curable resin
cont ai ned by the frame

138

gee#™ By a suitabl e
he nol d box and

o8
¢ 130

-

T ) Il .. o

F1G.204

T e ve——
—

] AT 1 ll"
i“-. JI ; i»,'t o8

RIS T A s
icd “1o.¢,,¢4.‘-




WD 96/ 29189 PCT/ CA96/ 00176

- 25- 40 to _a level shown in Figure 25._The resin 46 is then cured
to forma femal e nold body 150 having a snooth rear face 152 and a
t hree-di nensional relief face 154 which is the female nold replica of

the male nmold surface 148. As 5 with the first enbodi.nent, the nmale nold
surface neyologroise treated with a rel ease nmaterial such asPET4ASBMIe.

After the resin is cured to forma hard fermal e nol d body 150, the nold
i s broken open and the femal e nold rel eased fromthe male nold 148. The
female nold is now ready for 10 treat A0 i n accordance with the

enbodi nents of Figures 7 and 8 before installation in the vacuum box
70. In. accordance with the second ;-sdinent for form ng the femal e
nol d, a direct appy 23' provid@ng t HE Pr usk strokes on the surface
by use of the nnldfﬂgg zgound I § 15 acht Aesum nesbhat the sel ected

material for the sheet 13 the canvas matrix

i's readily provided t ed materi al s
or thicker material & ' v s@l e nol d, the
first enbodi nment I in that the/z dwges the brush

strokes directly WQe canvas materi al SR g#01 dance with
this invention, a consistemyy S (Lie
faithful reproducti on of




25 made by thelREBCAI ﬂ" _17‘3§§tus of this invention have many end
uses as previ ougl ors ‘ il mre not only limted to '

of original wor

whi aned. AIthoug
embodi ments of tfhd ¢ B0 described herein in ﬂl{ U”"F
under st ood by - hososkkd==eedli f§ the art that varlatlons may

thereto w thout epartlng fromthg spirit ahgthe i hvention or the scope-
of the appended* MR CLAI MVS: 5 1. A vacuum

form ng process for nDIdlng a thin sheet of t her nof ormabl e plastic into
an accurate thr g@nsronal - relief reproduction of an original
artwork, said plastic having printed on one side thereof a

per manent i mage of said criginal artwrk, said process conpr|5|ng 10

") supporglnq_salq\pr|£ﬁ€§ EQ?%En&fDQE%%%% for molding a thin sheet of
thermoformable plastic into an accurate three-dimensional
relief reproduczion of an original artwork, said sheet of
plastic having trinted on one side thereof a permanent
image of said criginal artwork, said process compfising:

10 i) suppcrting said printed sheet of plastic
proximate a vacuum forming female mold with said printed
side facing said mold, said female mold having a surface
relief therein which is a reprcduction of the surface
relief of said criginal artwork, said image being in

15 register with txe surface relief of said mold, a
multitude of vacuum forming holes being provided in said
mold; '

ii) heating said plastic sheet; .
iii) contacting said mold with said sheet while said

20 sheet is heated to a first temperature which is below
normal thermoforming temperatures where the first
temperature minimizes movement of said image relative to
said mold due to heating of said sheet, immediately
applying a vacuum to said holes in said mold.to commence

25 drawing said plastic sheet into said mold and fix thereby
said sheet relative to said mold relief to further
minimize image movement on said sheet relative to said
mold;

iv) continuing to heat said plastic sheet while

30 maintaining vacuum on said holes in said mold to complete

forming of said three-dimensional relief in said sheet;
v) stop heating Said'plastic sheet once it has

attained a second temperature in the range of normal

thermoforming temperatures while continuing to apply

35 vacuum to said mold holes, cooling said sheet after
heating is stopped to cool said sheet below said first

PR LS



proximate a vacuum formng female nold with said printed - side facing
sai.d nold, said fermale nold having a surface relief therein which is a
reproduction of the surface  relief of said criginal artwork, said inmge

being in 15 e surface relief of said nold, a mul titude
of vacuum f oHlmHﬂ"mHmm”m provided in said mol d; i)
heating said pl astiic ®heet; I11) -gont acti ng sald nold with said
sheet while-said 20 sheet is heated to a first tenperature which is bel ow
normal thernoform ng tenperatures where the first tenperature mnimzes
nmovenment of satémpemgeumdaﬂu'eetmdrd tempekmmmﬁedue tendeat pagrahenti d
sheet, i media ap| S a ld to
conmence 25 d%%&?nthgg d%'mém%j%\%1 % %% gg af%gegﬁéreby

sai d sheet el ati vthch s&ut@prrsmlrlé!g @raltd) Sh,r:mtlheand rermpmerrsaecu shget

- novenent on saFgOahgggdrgkgggve to said mol d; iv) continuing
to heat said plastic sheet while 30 mai nt ai ni ng vacuum on said holes in
said nold to conplete form ng of said three-dinensional relief in said
sheet ; 2.V) A peReleabifNg13dnd 1! aﬁiéfeﬁbe@él&nﬁsmtlbaé coled to
attalned a second te erat n the range of nor t her. np or ng

t enper at ures WARFBEES Hn@‘og'(? ay DSTALRES t e%%‘f’ds?rb‘fldt

coogl ][lg sdiod Shempeaatalre to heatiistg iirs cdoipipesl saidoshesti dosbeeh belicw
sai i rst

temperatuxe.

3. A process of claim 2, wherein said mold is ccoled
continuously during said vacuum forming process.

4. A process of claim 1, wherein said multitude of
vacuum forming holes are each of minuscule dimension to
preclude vacuum drawing of said sheet into said hecles.

20 s. A process of claim 4, wherein locating of said
holes in said mold includes positioning said holes in
relatively deep recesses in said mold relief to enhance .
forming the desired relief in said sheet.

25 6. A process of claim 1, wherein said sheet is
supported within less than 1 inch above said mold to
provide for rapid heating of said sheet and rapid
contacting of said mold with said sheet once said sheet
is heated to said first temperature.

30 | |
7. A process of claim 6 wherein said sheet 1s clamped
about its periphery on said mold when said sheet and mold
are contacted to ensure application of vacuum to said
printed side of said sheet.

35
8. A process of claim 4 wherein said holes are 1/32" or
less in cross-section.

REPLACEMENT SHEET
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-27- " tenperature to a third tenperature to render permanent said
t hree-di nensional -relief formed in said sheet, 5 vi) stop cooling
sai d sheet and renove sai d sheet fromsaid nold. 2. A process of
claim 1, \/\heu“lmmnmnmlm”m cooled to mai ntain said nold at a
tenperature 10 tenperature to assist in cooling said sheet
to said third" tenperature . AIocess of claim?2, wherein said
nold is cool ed conti nuously durlng said vacuum form ng process. 15 '
4. A process of claim1, wherein said nultitude of vacuum f or m ng
hol es are each9ef nﬁnmmﬂﬂ&§QMQﬂﬂﬁi&ﬂmt%)wher@l@c$@d@ pisaticdsheehg isf
sai d sheet |nt8§$gbquy chlé¥&%f5 ﬁ(ﬁﬁrg §§St &fé{ﬁ}é 1gh§§e%HF

no I nc es in

Iocatlng of  sal S I n sal udes |t|on|n sa
rel ativel y deepang€e8fe£04°n taiiP 4ifld said ée¢@n@n%fﬁ2%raturﬁoiﬁ1 ag the

desired reliefrafgediof 3MHBl te 170°C and said third temperature being
less than 50°C.

10. An apparatus for vacuum forming into a thin sheet of

10 thermoformable pliastic into an accurate three-dimensional
relief reproduction of an original artwork, the sheet of
plastic having printed on one side thereof a permanent
image of said original artwork, said apparatus
comprising:

15 i) a vacuum forming female mold having a surface
relief therein which is a reproduction of the surface
relief of the original artwork, a multitude of vacuum
forming holes keing provided in said mold;

ii) means for supporting the printed sheet of

20 plastic proximate said mold with the printed side facing
said mold, said support means supporting the image in
register with said surface relief of said mold;

iii) means for heating the plastic sheet, said
heating means being mounted on means for reciprocally

25 moving said heating means from a first position away from
said mold to a second position over and spaced from the

- unprinted side of the plastic sheet;
iv) means for determining temperature of the
plastic sheet as heated by said heating means,

30 v) means for moving the plastic sheet and said
mold relativg to one another to contact the plastic sheet
with said mold when said temperature determining means
determines that the plastic sheet is heated to a first
temperature which is below normal thermoforming

35 temperatures;

REPLACEMENT SHEET}
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25 67 A process of claim 1, wherein said sheet is supported within-
| ess than 1 ireh—above said mold to provide for rapid heating of said

sheet and rapi ontacting of said nold with said sheet once said sheet
is heated to s ,m Hﬂlu ﬁi ture. 30 7. A process of claim6
wherein said s c - about its periphery on said nold when

said sheet and nold . are cBntacted to engAare application of vacuumto
sai d printed side of said sheet. 35 8. A process of claim4
wherein said holes are 1/32" or | ess in cross-section.

- 28- 9. A pridcegeearts cfer nsdalbngeanpediitetieastdfc eqlastic

of . pol yvi nyl cRbQidideo S2ichbitdShoteIRE" BhYifekdr B e N1 dnge of 90[err]
to 100[err]C, said second tenperature Ts In tﬁe _

_ 5 vii) means for applying a vacuum to said multitude
of holes in said mold with said sealing means sealing the
plastic sheet;

viii)said reciprocating means moving said heating
means back to said first positibn when said temperature
10 determining means determines that the plastic sheet is
heated to a second thermofo:ming temperature;
ix) means for cooling the plastic sheet with said
heating means in said first position;
x) means for removing said vacuum from said
15 multitude of hcles when said temperature determining
means determines that the plastic sheet is cooled by said
cooling means tc a third temperature, said sealing means
releasing a seal between said mold and the plastic sheet
to permit removal of the formed plastic sheet from the

20 mold.

11. An apparatus of claim 10 wherein means is provided
for cooling said mold to maintain said mold at a
temperature below the third temperature.

25
12. An apparatus of claim 11 wherein a cooling coil is
provided in contact with said mold beneath said surface
relief.

30 13. An apparatus of claim 12, wherein said multitude of
holes is each 1/32" in diameter or less, means enclosing
said holes to provide a plenum behind said mold, said
vacuum being in communication with said plenum.

REPLACEMENT SHEET
3 1 MAR 1997

e DA DANS, e

AMENDED SHEST



rénge‘of 450—L0~11QL§LLL§L229 said third tenperature being | ess than

10. An apparatus fof into a thin sheet of 10
therm)for m’u’m‘ﬂ"‘uﬂ 'u an accu ;ﬁ%:gggggggéhn%gggl pbnal relief
reproducti u u” artworki_the pl asti c having
printed on one “siftle Theredi a per manent | mage of said original artwork,
sai d appar at us conprising: 15 I )~304a vacuum form ng female nold
havi ng a surface relief therein which is a reproduction of the surface
relief of the original artwork, a nultitude of vacuum form ng hol es

bei ng provi dedl#n saifa @ppsratus of clajmneanshépeinuppddl isugddie mddied
heet of 20 pl t Led f.
sheet o Pl 38k R0 Wil Ak ﬁwﬂgﬁmf% Lhe g@éw -84e¥ ggf agng

said nold, said_support neans su
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perimeter of said mold.

16. An apparatus of claim 10, wherein said heating means
15 comprises a heating element for radiant heating of the -
plastic sheet.

17. An apparatus of claim 10, wherein said cooling means
comprises a cooling fan for directing ccoling air onto

20 the plastic sheet when said reciprocal moving means moves
said heating means back to said first pocsition.

18. An apparatus of claim 10 wherein a controller
controls the timing of actuation of said reciprocal

25 moving means, said relative movement means, said sealing
means, means for applying vacuum and means for removing
vacuum during the vacuum forming to mold a relief in the
plastic sheet.

30 19. An apparatus of claim 10 wherein means is provided
for registering the image with said surface relief of
said mold.

In a method of produc1ng a male mold fo
35 maklng a female t§¥Gsed in vacuum formlng a
t: ormable plastic sheet to form an accurd
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heat : r mof or m ng t enper at ur e; i X) means for
cooling the plastic sheet with said heating means in said first
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15. An apparatus of claim 14, wherein said relative
movement means moves said mold toward the plastic sheet
10 and said sealing means seals a perimeter poition of the
plastic sheet within said clamp, to said corresponding
perimeter of said mold.

16. An apparatus of claim 10, wherein said heating means
15 comprises a heating element for radiant heating of the
plastic sheet.

17. An apparatus of claim 10, wherein said cooling means
comprises a cooling fan for directing cooling air onto

20 the plastic sheet when said reciprocal moving means moves
said heating means back to said first position.

18. An apparatus of claim 10 wherein a controller
controls the timing of actuation of said reciprocal

25 moving means, said relative movement means, said sealing
means, means for applying vacuum and means for removing
vacuum during the vacuum forming to mold a relief in the
plastic sheet.

30 19. An apparatus of claim 10 wherein means is provided
for registering the image with said surface relief of
said mold. ' ' '
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‘tenperature. 25 ~ 12. An apparatus us of claim 11 wherein a cooling COI|
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(57) Abstract

mmfmmgmaﬁwmhwi&dfmmddmg:&mﬂwu(&)dﬁmnofmﬂeminbanaecnmethme
dimensional relief reproduction of an original artwork. The sheet of plastic (88) has printed on one side thereof a permanent image of the
original artwork. The process comprises: (i) supporting the printed sheet of plastic proximate a vacuum forming female mold (70) with the
printed side facing the mold; (ii) heat is applied to the plastic sheet (88); (idi) the mold (70) and heated sheet (88) are contacted while the
sheet is heated to a first temperature st which the movement of the image (26) relative to the mold (70) is minimized, once the sheet (88)
attains the first temperature vacuum is immediately applied to the holes (68) in the mold (70) to commence dmwing the plastic sheet (88)
into the mold (70) and fix thereby the sheet (88) relative to the mold; (iv) heating is continued while maintsining vacoum on the holes (68)
toeanpbtefomin;ofthem-dhmimnnlwﬁnmsheet(u);(v)hudngismppedmﬂnsheetmammdmpenm
wﬁbm&mwapplyvmmwﬂwmuhob(&).codhgmemmr(vn)eoolhgbemgswppedndtheshea(SS)med
from the mold ready for further processing and framing.




15" An apparatus of claim 14, wherein said relative novenent neans
nmoves said nold toward the plastic sheet 10 and said sealing neans seals a
perimeter portion of the pl astic sheet within said clanp, to said
correspondi ng perimeter of said nold. 16. An apparatus of claim:

10, wherein said heating neans 15

heating of the pl asti c sheet. 17. An apparatus of claim 10,

wherein said
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forming holes being provided in said mold;

ii) means for supporting the printed sheet of
plastic proximate said mold with the printed side facing
said mold, said support means supporting the image in
register with said surface relief of said mold;

iii) means for heating the. plastic sheet, said
heating means being mounted on means for reciprocally

moving said heating means from a first position away from

said mold to a second position over and spaced f£rom the
unprinted side of the plastic sheet;

iv) means for determining temperature of the
plastic sheet as heated by said heating means;

v) means for moving the plastic sheet and said
mold relative to one another to contact the plastic sheet
with said mold when said temperature determining means
determines that the plastic sheet is heated to a first
temperature which is below normal thermoforming
temperatures; o

vi) means for sealing a perimeter of the plastic
sheet to a corresponding perimeter of said mold;

vii) means for applying a vacuum to said multitude
of holes in said mold with said sealing means sealing the
plastic sheet;

viii)said reciprocating means moving said heating
means back to said first position when said temperature
determining means determines that the plastic sheet is
heated to a second thermoforming temperature;

ix) means for cooling the plastic sheet with said
heating means in said first position;
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x) means for removing said vacuum from said
multitude of holes when said temperature determining
means determines that the plastic sheet is cooled by said
cooling means to a third temperature, said sealiﬁg means
releasing a seal between said mold and the plastic sheet
to permit removal of the formed plastic sheet from the
mold.
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