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(54) Title: AN ADHESIVE DISPENSING DEVICE

(57) Abstract: A layered object manufacturing system is

1 described. The system in one arrangement provides for the use
of water based adhesives to bind successive layers of paper
in generation of a three dimensional model. The paper can be
provided in conventional paper sizes and is moveable within the
system from a storage stack to a build object location, individual
pages at a time. The system typically effects the application of
adhesive onto the paper using an adhesive applicator wheel having
a plurality of circumferentially spaced apart recesses for receiving
adhesive. The wheel is rotatable to convey adhesive filled in one
or more recesses to a targetsubstrate and to deposit controlled
amounts of adhesive at discrete points thereon.

Figure 1
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Title: An adhesive dispensing device

Field of the Invention

The present invention relates to layered object manufacture (LOM) systems
providing rapid prototyping capacity. In a preferred arrangement the invention
relates to an adhesive dispensing device and in particular an adhesive
dispensing device for use in applying adhesive in a Layered Object Manufacture
(LOM) system for rapid prototyping (RP).

Background

Rapid prototyping is defined as computer-controlled additive fabrication, in that
an object can be fabricated by the addition of material rather than conventional
machining methods that rely on removal or the subtraction of material. The
term “rapid” is, it will be appreciated, a relative term but one that has specific
meaning within the art, in that construction of a finished three dimensional
articles can take from several hours to several days, depending on the method
used and the size and complexity of the model. There are many known
methodologies that are employed within the general field of rapid prototyping
Layered Object Manufacture (LOM) is one form of Rapid prototyping (RP) which
relates to the successive layering of adhesive-coated paper, plastic or metal
laminates which are then successively glued together and cut to shape with a

knife or laser cutter. .

LOM, similarly to other rapid prototyping techniques, involves the use of a three
dimensional (3D) computer aided design (CAD) of an object / part to be made,
from which a stereolithography (STL) or other suitable format file is generated
within a CAD package. The STL file is processed and in effect virtually sliced in
the Z-axis at a thickness matching the thickness of the substrate material used.
This creates a series of cross sections of the part and at any particular height
each one has a simple two dimensional (2D) profile. A cutting apparatus is then
used to trace the 2D profiles and thus cut the shapes onto thin sheets of raw
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material. In LOM, each individual thin sheet is then stacked and bonded one on
top of another to produce a finished 3D object.

In existing LOM systems that employ paper based raw materials, the paper is
provided in the form of a roll. The roll of paper may be provided with adhesive
already present on the underside. In this case, the adhesive may be activated
by heat and/or pressure to form a bond onto the previous layer. In an alternative
approach, adhesive may be applied to the underside of the material as it is
drawn from a roll. However, there are a number of disadvantages associated
with the use of roll material. For example, a machine is often operable only with
specifically manufactured rolls of material, which may be expensive to obtain
and/or difficult to replace. There are also disadvantages associated with the
day to day use of rolls of raw material. For example, the rolls may become
stuck or jammed in the feeding mechanism due to the pre-applied adhesive
thereon. With the above, removal of the waste material can be very difficult
because it is adhered together with the same adhesive force as the part being
made. This can lead to the part being damaged during waste removal
“‘weeding’, as chisels and other sharp implements are often needed to prise the

object free.

There are further limitations in the types of paper that are suitable for use in
conventional LOM systems. As paper is composed of a randomly felted layer of
fibre, it follows that the structure may have varying degrees of porosity. Paper
is a highly porous material and contains as much as 70% air. Porosity of a
sheet is an indication of the moisture absorption of the paper, or the ability of a
particular sheet of paper to accept ink, water or in this case adhesive. When
selecting a particular type of paper for LOM, it is important to consider the

porosity of the paper.

The properties of the paper are clearly closely related to, and place limits on the
types of adhesive that may be used. There are further issues and concerns
relating to the application of adhesive to paper. In known printer like dispensing
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systems which rely on computer controlled electro-mechanical devices such as
piezoelectric dispensing heads, the heads are often of a delicate nature and
over long periods of inactivity these devices can become clogged and may need
to be serviced, maintained and replaced frequently. Thus such arrangements

may have high overheads for maintenance and repair.

Other methods of applying adhesive between paper layers include:

1. Coating the entire working area of the sheet, which as noted above produces
significant difficulties when removing waste material during post processing the
finished part; 2. Using a substance which when placed in certain locations on
the sheet prevents adhesion at these locations. This technique has the
disadvantage of effectively wasting adhesive by initially coating the entire sheet
and then rendering portions of the adhesive “non-sticky” with the use of an “anti-
glue” substance; or, 3. Using an electrostatic system to xerographically deposit
adhesive toner onto the sheet surface like a conventional 2D printer prints ink.
This method can have the disadvantage of being technically complicated and

requiring specially manufactured adhesive toner.

It is further noted that current LOM systems use adhesives that are solvent
based and which are not water soluble and thus present environmental issues
for example, for the purposes of disposal. However, such solvent based
adhesive have to date been used in LOM as the use of water based adhesives
having a high wet content presents further problems such as warping and
distortion of the paper which has prejudiced their application in LOM systems.

There are therefore a number of problems with adhesive dispensing devices,
and adhesive dispensing devices for use in LOM systems for rapid prototyping,
that need to be addressed.

Summary

These needs and others are addressed by a LOM system which provides in a

first arrangement for the use of water based adhesives as a binding agent for
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the layering process. By controlling the volume and/or location of the dispensed
adhesive such a LOM system allows for the use of water based adhesives while
minimising the warping or distortion of the cellulose based paper material that is
used in the layering.

In another arrangement the teaching of the present invention provides a LOM
system that utilises standard dimensioned paper sheets that may be taken in
single sheet quantities from a storage location to workplace where adhesive
may be applied to bind successive sheets of the paper to generate a layered

final structure.

In another arrangement a LOM system is provided which includes control
means to enable the discriminatory application of specific volumes of adhesive
at specific locations on the substrate. This enables the controlled dispensing of
adhesive to specific location which advantageously allows for reduced volumes
of adhesive to be used and also ensures that the adhesive is applied
specifically at the locations where the adhesive is required.

Such systems may employ or comprise an adhesive applicator wheel having a
plurality of circumferentially spaced apart recesses for receiving adhesive,
wherein the wheel is rotatable to convey adhesive filled in one or more recesses
to a target substrate and to deposit controlled amounts of adhesive at discrete
points thereon.

In one embodiment the wheel comprises a contact surface configured for
contact with the target substrate, and wherein the plurality of recesses are
formed therein.

In another embodiment the device comprises an adhesive wipe which together
with the wheel defines a sealed adhesive filling chamber for filling adhesive into

one or more recesses.
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In a further embodiment the wipe is coupled to a pressurized supply of
adhesive.

In one embodiment the wipe and defines the side walls and opening of the

chamber.

In another embodiment the wipe is formed for conformity with the wheel.

In a further embodiment the sealed adhesive filling chamber comprises a vent
means to enable the filling of a recess by the displacement of air from the

recess and venting of the air from the chamber.

In one embodiment the vent means comprises a formation in the wipe

configured for interaction with a recess.

In another embodiment the recesses of the wheel are filed as they rotate
through the chamber.

In a further embodiment the contact surface is configured for sealing contact
with the wipe.

In one embodiment the device comprises biasing means for maintaining the

wipe in sealing contact with the wheel.

In another embodiment the contact surface is integral with the wheel.

In a further embodiment the contact surface comprises a ring mountable to the

wheel.

In one embodiment the dimensions and spacing of the recesses may be varied
according to the amount of adhesive to be deposited.
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In another embodiment the recesses have a volume in the order of 10-50

nanolitres.

In a further embodiment the recesses have a substantially hemispherical form.

In one embodiment the contact surface is comprised of a low friction material

and/or comprises a low friction coating.

In another embodiment the target substrate comprises a paper substrate.

In a further embodiment the paper is provided in sheet form.

In one embodiment the adhesive comprises a water based adhesive, for

example a PVA adhesive.

In another embodiment adhesive is deposited from a filled recess to the target
substrate by means of capillary action.

In a further embodiment the wheel is coupled to a wheel drive means for
controlling the direction and angular velocity of rotation of the wheel.

In one embodiment the device is mounted for translation relative to a target

substrate.

In another embodiment the device coupled to a drive means to control the linear

velocity of the device relative to the target substrate.

In a further embodiment the angular and linear velocities are controllable to
effect the laying down of variable amounts of adhesive on the target substrate

as required.
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The invention further provides a layered object manufacturing (LOM) system for
rapid prototyping incorporating an adhesive dispensing device in accordance

with the invention.

These and other features will be better understood with reference to the

drawings which follow.

Brief Description Of The Drawings

The present invention will now be described with reference to the

accompanying drawings in which:

Figure 1 is a perspective view of an adhesive dispensing device in accordance

with an embodiment of the invention;

Figure 2 is a cross-sectional view of the device of Fig. 1;

Figure 3 is a front elevation view of the device of Fig. 1 showing a wipe and

dimpled wheel;

Fig. 4 is a partial cross-section from the side of the device of Fig. 1 being used
to apply adhesive to a substrate in a capillary action deposition method;

Fig. 5 is a cross-sectional view from the side of the device of Fig. 1 showing
priming of an adhesive wheel;

Fig. 6 is partial isometric view of the components of a Layer Object
Manufacturing system incorporating an adhesive dispensing device according

to an embodiment of the invention;

Fig. 7 is partially cut-away view from the front of the system of Fig. 6;
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Fig. 8 is an enlarged isometric view of the multifunctional head of the system of

Figs. 6 and 7 incorporating an adhesive dispensing apparatus;

Fig. 9.1 is an enlarged isometric view of the multifunctional head of Fig. 8 from
the back showing in particular details of the cutter and grabber portion; Figs 9.2
and 9.3 are plan views from the side showing the grabber portion in de-

activated and activated states respectively;

Figs. 10.1 to 10.4 are plan views from the side of the steps of operation of the
grabber portion of the multifunctional head and feeder system to grab a sheet of
substrate material from the feeder and to lay it down in position on the build

object;

Figs. 11 -14 are illustrations relating to the steps of the method of LOM rapid
prototyping according to the invention with Fig. 11 showing a CAD model of a
part, Fig. 12 an un-weeded diced block, Fig. 13 a partially exposed part and Fig.
14 a finished 3-D part.

Fig. 15 is a flow chart showing the operation of the system of Figure 6.

Detailed Description Of The Drawings

Referring to the drawings and initially in particular to Figs. 1 to 5 specific
components of a layered object manufacturing system are described. One such
component is an adhesive dispensing device 1 comprising an adhesive filler 2
coupled to an adhesive applicator wheel 3. The adhesive filler 2 is connected
under pressure to an adhesive feed at an inlet portion 4 and comprises one or
more axial channels 6 which convey adhesive 20 from the inlet portion 4 to an
adhesive outlet portion 5. The adhesive outlet portion 5 in this case comprises

a chamber 8 defined by a wipe 7 together with the adhesive applicator wheel 3.
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The wipe 7 depends or extends downwardly from the filler 2 and has lateral side
walls 9 and 10 connected by front and back longitudinal side walls 11 and 12
defining an opening and configured to be coupled to and to contact the wheel.
The wipe 7 and applicator wheel 3 are designed to correspond and co-operate
to define the chamber 8 in which the wipe defines the side walls and contact
surface of the wheel defines the base thereof. The dimensions and form of the
wipe correspond to the wheel 3 such that when the wipe 7 is coupled to the
wheel, the adhesive chamber 8 that they define is effectively a sealed chamber.
The contact side or open edge of the wipe 7 comprises or is provided in an arc
form corresponding substantially to the form of the wheel 3. The filler 2
comprises or may be in contact with a biasing means, for example, spring
means to maintain the wipe 7 in contact with the wheel 3 to maintain the seal
during rotation of the wheel.

The adhesive applicator wheel 3 comprises a contact surface 13 having a
plurality of recesses 14 for receiving adhesive. Adhesive is filled into the
recesses 14 at the wipe 7 and is conveyed in the recesses from the wipe to a
target substrate 21 as the wheel is rotated. The form of the recesses 14 and
the spacing thereof on the wheel 3 may be varied as required depending on the
amounts of adhesive to be laid down. It will be appreciated that the volume of
adhesive that is exposed and the duration of exposure of the adhesive to the air
is minimal and as such problems such as premature curing of the adhesive are

minimised.

The applicator contact surface 13 is that portion of the wheel configured to
contact both the wipe 7 of the filler 2 and a target substrate, for example a sheet
of paper 21. The applicator contact surface 14 may be formed on or at the
circumference of the wheel 3 or integral with the wheel as in the illustrated
example embodiment. The wheel may be replaceable. For example, a number
of different wheels having recesses of different dimensions or of different
spacing or diameter may be provided for use. Depending on the specific
application, a suitable wheel may then be interchanged for other types of wheel.
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The contact surface 13 and/or the recesses 14 may be comprised of or formed
from a low friction material, for example Delrin and/or may comprise a low

friction coating, for example Teflon.

The applicator wheel 3 is coupled to a drive mechanism (not shown) which is
operable by means of a controller so as to drive the wheel 3 in an anti-clockwise
or clockwise direction as required. The angular velocity of the wheel is variable,
as required.

The wipe 7 is configured to enable filling of the recesses 14 passing there
through with adhesive 20. For the purposes of filling, the wipe 7 or sealed
chamber 8 incorporates a vent means which facilitates replacement of air from
a recess 14 with adhesive by allowing air to be displaced from the recess by the
adhesive and providing means to remove or drive the air from the wipe/sealed
chamber.

In this case, the vent means is provided by relative dimensions of the lateral
side walls 9 and 10 of the wipe 7 and the recesses 14 and the manner of driven
interaction of these components. In more detail, in the example embodiment,
the thicknesses (d1 and d2) of those portions of the lateral side walls 9 and 10
which contact the surface 13 of the wheel 3 are less than the diameter (d3) of
the recesses 14. In effect, filling with adhesive and venting of air is achieved by
virtue of the design of the chamber. Depending on the direction of rotation of
the wheel, one of the lateral side walls 9 and 10 will present the leading edge of
the filling chamber. The lateral side walls 9 and 10 are formed such that the
edges which contact the wheel 3 have an area less than the area of a recess
14. Thus, as an empty (air filled) recess 14 approaches the wipe 7 and passes
under the leading side wall 9 or 10 adhesive enters the portion of the recess
which has entered the wipe and displaces air therefrom via that portion of the
recess which is exposed to the atmosphere. Thus the plurality of recesses 14 of
the applicator wheel 3 are filled with adhesive 20 as they enter the wipe as the
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wheel 3 rotates. Filling is by gas or in this case air to adhesive exchange as the
wheel moves relative to the wipe. Venting of a recess is by movement of the
wheel which facilitates the air to adhesive exchange. Venting occurs at the point
where a recess interacts with a leading or trailing edge of the wipe. If a point
in the rotation of the wheel there is no recess partially or wholly under a leading
or trailing edge of the wipe then the adhesive filling chamber defined by the

wheel and the wipe is effectively sealed.

In more detail, the arrangement of the recesses 14 on the wheel 3 relative to
the wipe 7 provides the ability to stop and restart the wheel 3 without any
leakage of adhesive. To enable the wheel 3 to stop rotating without any
leakage of adhesive requires that the airtight seal between the wheel 3 and the
wipe 7 be maintained. An airtight seal is only possible if there are no recesses
14, either partially or wholly, under the leading / trailing edges of the wipe. In
other words, an airtight seal can only exist if the exact angular relationship
between each recess and the adhesive filled chamber 8 is known, so that the
recesses are completely enclosed by the chamber 8 when the wheel is stopped.
Stopping the wheel in this precise angular location immediately cuts off the flow
of adhesive without the use of additional valves. This feature, which acts as an
integral seal means, obviates the need for a doctor knife to regulate the flow of
adhesive normally present on prior art designs. A further advantage of this
arrangement is that the system may be left in this sealed position for extended
periods of time and then restarted directly without problems such as the
adhesive becoming hard as the system is sealed and no air is present. The
arrangement further allows for the wheel to be stopped and started as desired
without any excess build-up of adhesive. This is particularly advantageous in
situations where mid process, the adhesive reservoir needs to be filled with
additional adhesive and as such the process needs to be stopped for some
time. By minimising the volume of adhesive that is exposed to air, such
temporary cessation of the process does not materially weaken the structure of
the finished product.
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To facilitate this sealing mechanism, the exact angular location of each recess
14 on the wheel 3 relative to the chamber 8 and the wipe 7 needs to be known.
A wheel angular position measuring device is used to detect and measure this
exact angular relationship. For example, a wheel angular position measuring
device may for example comprise of a proximity sensor and a metal flag. The
metal flag passes under the proximity sensor once per revolution. The angular
position of the metal flag relative to the holes of the wheel is known. Thus when
the flag passes under the proximity sensor the machine calculates the angular
revolution that is required to seal the system.

Referring to the drawings and Fig. 4 in particular, a method of deposition of
adhesive using the adhesive dispensing device 1 is shown. In this case the
applicator wheel 3 is positioned in contact with a target substrate 21, here, a
sheet of paper. The wheel 3 is translated relative to the substrate 21 and is
also rotated by the wheel drive means. The translational and rotational

movements may be driven independently.

When an adhesive filled recess 14 contacts the substrate 21, in this case a
porous paper substrate the adhesive is deposited onto the substrate by capillary
action due to the inherent porosity or water absorption of the substrate. As the
applicator wheel 3 is translated across the paper substrate 21 in a series of
indexing lines, a matrix of adhesive dots 22 is deposited. When the adhesive is
deposited from a recess 14 that empty recess is rotated back up to the filling
wipe 7/chamber 8 and the process is repeated.

It is noted from the drawings, for example Figs. 4 and 5 that the arrangement of
the recesses on the wheel is such that only one recess is in contact with the
substrate at any one time. The arrangement of individual recesses which
discretely contact the surface enables for the deposition of discrete dots of

adhesive.
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In this case, the width of the lateral side walls 9 and 10 (d4, see Fig. 3) of the
contact portion of the wipe 7 is less than the width (d5) of the contact surface 13
of the wheel. This arrangement facilitates automatic cleaning of the contact
surface, as the design is such that any excess adhesive adheres to the contact

surface 13 and is hence deposited on the substrate on contact.

The adhesive dispensing device 1 may further comprise a cleaning mechanism
for the wheel. When required, the wheel may be positioned over a cleaning
area and brought into contact with a cleaning substrate for example, of a
sponge, rubber or silicone based material which cleans any residual adhesive
remaining on the wheel by rotating the wheel for a number of revolutions. A
small quantity of a cleaning liquid may be added to the cleaning substrate to aid

in the cleaning process.

As noted above the wheel 3 may be connected to a wheel drive means (not
shown) to effect rotation as required in the clockwise or anti-clockwise

directions, and at the required angular velocity.

In use, the adhesive dispensing device 1 mounted for translational movement
relative to a substrate 21, for example an X-Y frame to enable movement of the
head relative to the substrate, or alternatively the substrate may be provided
mounted on an X-Y stage for movement relative to the head. An example is
illustrated and further described below with reference to Figs. 6 to 8.

There are a number of advantages of the wheel drive arrangement which
incorporates independent drive means for rotation of the wheel as provided in
accordance with the teaching of the invention. These include:

- It enables the relative velocity between the driven wheel 3 and the paper
substrate 21 to be maintained at zero by matching the angular and linear

velocities.
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- It enables relative velocities other than zero between the wheel 3 and the
paper substrate 21 to produce either spinning or skidding. Spinning has the
affect of applying higher volumes of adhesive, while skidding has the effect of
applying less.

- It enables the wheel 3 to be cleaned by an additional means if necessary, by
placing the lower portion of the wheel into a dampened sponge / rubber material
(not shown) and rotated for a specified number of revolutions until any excess
adhesive has been removed.

- it enables the wheel 3 to be primed so that no empty recesses 14 exist prior to

commencing the deposition of a line of adhesive

The wheel drive means may be connected to the rotatable wheel 3 via a clutch
to enable the wheel to be either driven or not which enables the wheel free-

wheel.

In use, the wheel drive means may be controlled to drive with the wheel so that
the difference between the angular velocity of the wheel and the linear velocity
of the dispensing device relative to the substrate is zero, which prevents
skidding or spinning of the wheel. The wheel drive means may be adjustable to
provide a relative difference in the angular and linear velocities to effect
skidding or spinning of the wheel as required to enable control of the volume of
adhesive deposited at a particular point on the substrate 21, as required. The
high level of control over deposition of adhesive is advantageous.

When the dispensing system reaches the end of a particular indexing line in a
first, for example X axis, it is then operated in the opposite direction [-X] on the

next indexing line.

However at the end of an indexing line half of the recesses 14 of the applicator
wheel will be empty. To address this issue, the present invention also provides
a method for priming the wheel.
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This exemplary method of priming the applicator wheel is described with
reference to Fig. 5 which shows the applicator wheel at the end of a line of
adhesive which was laid down by rotating the wheel in the clockwise direction
while moving it to the right.

The adhesive dispensing device 1 is raised from the substrate and indexed in
the Y-direction to the starting position of the next adjacent line to commence
movement to the left (-X direction) and rotation in the anticlockwise direction.
However, rotation in the anticlockwise direction would not result in the
deposition of adhesive since the recesses 14 rotating into contact with the
substrate are not filled. The device 1 is thus configured such that the wheel 3 is
rotated and all of the recesses 14 are filled at the start of each adhesive line.

As noted above the system enables control of the angular velocity of the wheel
for the purpose of adjusting the amounts of adhesive deposited. Similarly, the
control of the angular velocity provides control for the purpose of filling the
recesses at the wipe 7. Under a fixed adhesive pressure, the angular velocity of
the wheel 3 dictates the length of time under the leading or trailing edges of the
wipe 7 where the exchange of gas takes place and causes filling of the
recesses 14. Thus, rotating the wheel 3 slowly facilitates a larger fill quantity
within each recess, and rotating the wheel 3 at a faster speed results in a lower

fill quantity within each recess.

Different fills may be desirable within the same build. For example it might be
desirable to have a higher quantity of adhesive on the part being made and a
lower quantity on the waste structure around the part. Therefore to deposit
lower quantities of adhesive on the waste structure the wheel 3 would be made
to rotate at an angular speed which is out of sync with the linear velocity of the
dispensing mechanism and hence causes skidding. Therefore enabling fewer
filled recesses to make contact with the substrate over a particular length. In the
case where higher level of adhesive are required for example of the part itself,
the angular velocity of the wheel 3 is increased to be higher than the linear
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velocity of the dispensing device, and therefore cause spinning. Spinning of the
adhesive wheel 3 causes more filled recesses to be brought into contact with
the substrate for a given length.

The adhesive dispensing device 1 of the invention is suitable for use with a
water based PVA adhesive. Due to the nature of such adhesive the open time
between laying down the adhesive and drying/setting of the adhesive is long,
thereby enabling sufficient time to place a subsequent substrate layers or
sheets. The adhesive dispensing device 1 of the invention provides for a very
accurate control of the amounts of adhesive applied to a substrate. This is
achieved in part by virtue of the form and dimensions of the recesses of the
applicator wheel and by the spacing of the recesses on that wheel. In
particular, the adhesive dispensing device 1 may be configured and used to
dispense adhesive nanodots i.e. dots of adhesive having a volume of the order
of 10-50 nanolitres, preferably in the order of 20-30 nanolitres. In this way the
device may be used to deposit controlled amounts of a water based adhesive
and such control obviates the problem of saturation of the substrate.

Referring to the drawings and in particular Figs. 6-8, a Layered Object
Manufacturing (LOM) system 50 for rapid prototyping incorporating an adhesive
dispensing device 1 is described. Referring to the drawings and in particular
Figs. 9 and 10 the substrate feed mechanism of the system is described. An
exemplary method of layered object manufacture is described with reference to
Figs. 11-15.

As shown in Figure 11, a method in accordance with the present teaching starts
with a computer generated image file of the desired final model. By sequentially
layering sheets of paper and cutting these as desired through the process, a
final un-weeded dice block is generated, Figure 12. As the model is
encapsulated within the dice block of Figure 12 it is necessary to break away
outer segments of the dice block to reveal the fabricated model (Figure 13).
This can be continued until the model is entirely revealed (Figure 14).
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The fabrication of such a model requires a number of steps. While these will be
discussed in more detail in the following pages we are setting out below with
reference to Figure 15 exemplary steps that are followed. The specific ordering
of the steps need not necessarily be followed and some of the intermediary
steps may be repeated depending on the specifics of the final model to be
fabricated.

As shown in Figure 15, a first sheet is moved to the work surface or block (Step
1500). Adhesive is placed on that sheet using the adhesive dispensing device
(Step 1501). An additional sheet is then placed on top of the adhesive- the
adhesive serving to bind or adhere the two sheets together (Step 1502). By
applying a roller over the two sheets in for example a single pass, the contact
between the adjacent sheets may be improved (Step 1503). Once this is
achieved a cutting tool may be used to cut a template according to the desired
final model on the sheet. The cutting tool may effect cutting of one or more
sheets concurrently. (Step 1504). Heat may then be applied to provide for
curing (Step 1505). The process is then evaluated to determine whether the
preceding steps need to be repeated (Step 1506). If they do then adhesive is
applied on the upper most sheet (Step 1501). If not then the finished part (in
form similar to that shown in figure 12) is removed (Step 1507).

The LOM system 50 comprises a multifunctional head 51 comprising an
adhesive dispensing device 1 and a cutter/grabber head 52. The
multifunctional head 51 is operable to perform different operations in different
modes. First of all the grabber of the cutter/grabber portion 52 when activated
operates to transfer a sheet of paper from the paper supply and to convey that
paper into position on the build plate, i.e. that location where the final structure
is fabricated. In performing this operation the cutter/grabber portion 52
describes a path between the build plate to the paper supply and back to the
build plate. Secondly the cutter of the cutter/grabber portion 52 when activated
operates to cut the topmost sheet of paper on the build plate to the required
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form. Thirdly, the adhesive dispensing portion 1 of multifunctional head 51
when activated operates to apply adhesive, as required to the topmost sheet of
paper on the build plate.

The multifunctional head 51 is mounted on an X-Y frame 55, 56, which enables
the head to be positioned and moved as required over a substrate 21 on a build
object 54. Movements of the dispensing device 1 and the cutter/grabber head
52 in the vertical (Z-axis) direction are controlled in this case by the respectively
connected solenoids 57 and 60. Paper is feed into the system in sheet format
from the sheet supply 58 via a paper feed mechanism 59. The system 50
further comprises a single pass roller 61 which is passed over the build object
54 to ensure a positive bond of subsequent layers and minimise the burr
produced from the cutting action. The system 50 further comprises a hot plate
62 for applying pressure and curing the adhesive. Many of the features of the
X-Y frame and the paper feed and placement are conventional and as such
would be known to the skilled person in the field and are not described in detail
here.

A method of use of the LOM system 50 for rapid prototyping is also provided
and may be considered as follows:

Using a three dimensional (3D) computer aided design (CAD) of an object / part
that we want to make (see figure 9); a stereolithography (STL) file is generated
within the CAD package and saved. This STL file is provided to a software
package which controls operation of the system 50 according to the invention.

The software operates in accordance with the LOM system 50 to generate a
series of cross sections of the part and at any particular height each one a
simple two dimensional (2D) profile.

Paper, in this example, sheets of A4 size, is loaded into input tray 58 of the
system 50. A single sheet 21 of paper is attached to the surface of a removable
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build plate 53 to act as the first uncut layer of the build object 54. The first sheet
may be attached manually.

A user operates the system/controller to output a control signal to the system 50

to commence building the build object 54 in 3D.

In this case, the first steps are laying down of a base for the build object, i.e. a
number of layers of paper and adhesive which will not be cut. The system 50
is operable to deposit a layer of adhesive in preparation for laying down of the
second sheet of paper from the paper feed mechanism. The paper feed
mechanism 59 separates a single page from the top of the ream and passes it
to a waiting area. The cutter/grabber head 52 of the multifunctional head 51 is
operated to grab the sheet and transfer it to the build area 53, 54 where it is
placed on top of the recently applied adhesive layer. The roller 61 is passed
over the sheets to ensure positive bonding between the layers. These steps are
repeated until a base having the desired thickness is laid down.

The system 50 then operates to lay down the sheets of paper (substrate layers)
of the build object and to cut each layer to the required profile. In this way it will
be appreciated that individual sheets of paper, typically A4 dimensioned, are
taken from a storage location to the work area where they are layered one upon
the other to effect fabrication of a final structure. By employing standard
dimensioned sheets of paper, a LOM system provided in accordance with the
present teaching may use conventional stationary provided reams of paper or
could even employ recycling material to effect the fabrication of the final three

dimensional structures.

The multifunctional head 51 moves the adhesive dispensing device 1 over the
top surface of the topmost sheet of the base of the build object 54 and applies
an adhesive layer prior to laying down the first sheet of paper to be provided
with a cut profile. The adhesive dispensing device 1 is operated under control of
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solenoid 57 to bring the wheel 3 into contact with the topmost paper layer on the
build object 54.

The adhesive dispensing system 1 selectively applies adhesive at a higher
density at those portions of the substrate which are part of the build object, and
at a lower density at those portions of the substrate which are to be cut away
i.e. the waste material portions thereof. This discriminatory application of the
adhesive is facilitated through the use of a control system that can accurately
direct the adhesive dispensing system to specific target areas, and also by
employing of an adhesive dispensing system that does not effect a dripping or
other inadvertent dispensing of the adhesive between desired dispensing
positions.

The multifunctional head 51 then picks up the next sheet from the paper feed
mechanism 58, 59 and places it on topmost adhesive layer of the build object
54. The roller 61 passes over the build object pressing the layers together. The
cutter/grabber head 53 is operated under control of solenoid 60 to bring the

cutter into contact with the topmost paper layer on the build object 54.

The X-Y positioning means 55, 56 then moves the cutter 53 to describe the path
of the 2D profile of that layer and in doing so cuts out the form of that particular

layer of the build object.

After the required 2D profile has been cut, the cutter 53 is operated to make a
series of dicing cuts inside and outside the cut profile of that layer to aid the
removal of waste material by dicing up the waste portion of the layer into small
squares. Once the cutting of a layer is complete the build plate 53 is raised to
make contact with a hot plate 62. This process continues until the entire 3D
model has been built up layer by layer.

When the system 50 has completed the build object 54 the removable build
plate 53 is removed from the machine to reveal the un-weeded diced block of
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paper, containing the 3D part inside (see figure 12). The diced cubes of waste
material can now be removed by hand without any sharp implements like
chisels, because the waste material received only the minimum quantity of
adhesive from the adhesive dispensing apparatus. As the waste material is
removed the 3D part inside becomes partially visible (see figure 13). Finally
when all the waste material has been removed, the 3D part is fully exposed
(see figure 14).

Referring to Figs. 9.1 and 9.2, the substrate grabber portion 70 of the
multifunctional head it described in more detail. The grabber portion 70
comprises a support surface 71 and corresponding moveable grip portion 72.
The grip 72 is moveable between a first de-activated or rest state in which it
located separated from the support surface (Fig. 9.2) and a second activated
position where is brought into contact with the support surface 71. In practice,
the grabber portion is activated to grip a sheet of substrate material, here a
sheet of paper 21 which is held between the grip portion and wedge. The sheet
21 comprises a leading edge 22 and a trailing edge 23. The sheet is gripped
near the leading edge 22. The wedge 71 is angled to ensure the sheet being
drawn from the feeder to the build object is forced into the first mode of bending
and hence does not fall or droop down at the corners. This first mode of
bending is visible in figure 10.2 where the sheet 21 is seen to bend downwards

between the grabber device 70 and the paper feed mechanism 59.

Figs. 10.1 to 10.4 illustrate an exemplary the sequence of steps of separation of
a page from the feed and placement onto the build object 54.

Referring to Fig. 10.1, the multifunctional head 50 moves (here in the -Y
direction) over to the paper feed mechanism 59, where the leading edge 22 of
the new sheet 21.

The multifunctional head 50 moves back in the opposite direction (here +Y

direction) and at the same time the paper feed mechanism 59 feeds out the



10

15

20

25

30

WO 2009/068672 PCT/EP2008/066473

22

sheet 21. The speed of the paper feed 59 is set at a slightly higher rate than the
linear velocity of the grabber head 70 which along with the wedge 71, causes
the new sheet 21 to go into the first mode of bending as it is being drawn from
the paper feed 59.

Referring to Fig. 10.2 the new page 21 is shown connected to the paper feed
mechanism 59 and to grabber portion 70 in a first bending mode arrangement
In this case the support surface 71 is presented at an angle of approximately
10-20 degrees which presents the page in the first bending mode in which the
sheet 21 bends downwards in the middle. Placing the page into this first
bending mode prevents the corners of the leading edge of the sheet to droop
down and possibly hit the build 54 as the sheet 21 is been positioned. Having
this wedge support surface 71 prevents the need to have a page grabber the

total length of the leading edge 22.

Referring to Fig. 10.3, once the leading edge 22 of the sheet 21 (now held by
the grabber portion 70) has passed over the front edge of the build object 54,
the sheet is completely pulled out from the paper feed 59 and simply drapes
over the edge of the build object 54.

Referring to Fig. 10.4 the multifunctional head 50 continues to move in the +Y
direction until the trailing edge 23 of the new sheet 21 is aligned with the trailing
edge of the build object 54. At this point, the system operates to raise the level
of the build object 54 in the Z direction so that when the grabber portion 70 lets
go of the new sheet 21, it only has a small distance to fall. This co-ordination of

level of the build object relative to the new sheet prevents sheet misalignment.

The advantages of this method of placement of the sheet 21 using the co-
ordinated operation of the feed 59 and grabber portion 70 include the speed of
operation in comparison with a method in which the sheet is driven only, plus
there is no need for a set of complicated rollers to feed the sheet to the desired

location as you would find in prior art.
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The system advantageously operates with tolerance to any misalignment as the
substrate sheets and adhesive are laid down separate. Therefore, if some
misalignment does occur there is no problem because the new profile has not

yet been cut on the surface.

Example 1

In one example, the system of the invention is used to deposit nanodots of
adhesive on a substrate and is configured as follows:

A wheel having dimensions of 15mm (diameter)

Number of recesses 36

Volume of dot of adhesive deposited from recess is of the order of 10-50 nl,
preferably 20-25nl

Size of substrate: A4

The adhesive dispensing device of Example 1, is thus capable of depositing in
one example embodiment a maximum number of 47,647 nano dots per page,
with each nano dot having a maximum volume of 22.9nl (Nano Litre). Therefore
for a complete build volume, the total number of nanodots deposited would be
in the order of 66 million.

This is very different from amounts used in the RP currently. For example,
electromechanical dot dispensing systems may often have a life in the order of
100,000 to 1 million dots.

It will be understood therefore, that the system 50 incorporating the adhesive
dispensing device 1 of the invention is thus suitable for use in the application of
nanodots of adhesive for example in an LOM system for rapid prototyping.

The recesses 14, described above have a substantially hemispherical form
which has the advantage of providing substantially the greatest volume for any
given surface area. This form has the further advantage of facilitating the easy
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interchange of air and adhesive as the recesses pass under the chamber 8,
since the walls of the recesses are not perpendicular with the wheel contact
surface and hence reduce the likelihood of air becoming trapped under the
adhesive in the cavity, which may happen if the recesses had straight sided

walls.

We note that in the above example, example 1 a wheel having a diameter of
15mm is used. It will be appreciated that the diameter of the wheel may be
varied as required. However, the wheel is preferably less that 20mm in

diameter, and most preferably in the range of 15-20mm in diameter.

As the diameter of the wheel is increased the vertical distance between the
sheet substrate and the next adhesive filled cavity 14 becomes less, so they are
inversely proportional, which may results in an overrun. One method to
compensate for this “overrun” is to increase the pitch between the cavities so
that the vertical distance increases. Alternatively the diameter of the wheel may
be reduced to maintain a constant pitch between the nanodots, as in the case of

the 15mm wheel of example 1.

While in the embodiment described the wheel of the adhesive dispenser device
has a single row of recesses on the wheel, it will be appreciated that a wheel
may comprise more than one row of rows of recesses. Similarly, while in the
embodiment described, the adhesive dispenser includes one wheel, in an
alternative arrangement a number of wheels could be provided, one or more
which may be independently moveable relative to others. Such arrangement
would be aimed at increasing the speed of the adhesive application process.
Also, it will be understood that while in the embodiment described, the recesses
are equally spaced apart, in an alterative arrangement, the recesses spacing
could be varied and substantially unequal. Such an arrangement would enable
the deposition of different dot patterns depending on which part of the wheel

was in contact.
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Example 1, which relates to an example method of LOM using A4 sheets, has
been provided merely as an example of the range of application and the
capabilities of an adhesive dispenser device of the invention. This example
relates to a use of A4 paper substrates, however, it will be clear to the skilled
person that substrates of an A3 size, letter, or other suitable size may also be
used.

It will be appreciated that as a system provided in accordance with the teaching
of the present invention provides a 3-Dimensional model based on the
successive layering of individual sheets of paper, that by providing sheets of
different colours in predetermined sequences that it is possible to vary the
ultimate colour topography of the final model. Indeed it will be understood that
such colour variance through the Z-axis of the generated model may be used
for advantageous effects such as for example the representation of different
features in different colours. For example, by grading the colour paper into the
paper feed mechanism it is possible to make topological maps showing different
elevations with different colours. It will be also understood that as such a
system uses standard paper formats for fabrication of the model, that it is a very
simple exercise for the user to change the colour of the ultimate model simply
by changing the colour of the base paper used. It will also be appreciated that
as coloured paper is freely available in many different colours and finishes that
the selection available to the user is much greater than conventional colouring
available in RP machines.

The flexibility provided by the type of paper that may be used in accordance
with the present teaching to enable a user to selectively uses papers of different
thickness. It will be understood that paper can be provided in different
thicknesses. As the sheets of paper used in the LOM arrangement of the
present teaching are individually selectable it is possible for a user to change

the thickness of paper changed for each job that they wish to undertake
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Such flexing or hinging of the final model can also be provided by using paper
of the same thickness throughout the layering of the model and selectively
cutting away elements of the model in predefined regions to have regions of
different thicknesses. A region that is less thick than its neighbouring region will
be more flexible than that neighbour and as such complex parts that are
integrally formed but which have elements that are moveable with respect to
one another may be fabricated. Such flexing of one part of the final component
relative to another part is derived from the control of the geometry so fewer
layers ( as little as one is possible) are present at the area where flexibility is

required.

The use of different thickness papers can also be used in the fabrication of the
3 dimensional models where there are regions of finer details required and
others where such fine detail is not required. For example when fabricating
vertical walls it is sufficient to use multiple layers of thick paper which can be cut
to provide the necessary final vertical shape. If a curved surface is required this
may be easier to fabricate using multiple thinner sheets which can be
individually cut to provide a more continuous smooth angular finished surface.
The use of thicker paper can also be considered where a quicker build is
required as the layering of thicker sheets will develop the necessary height
quicker than layering of thinner sheets. This could be beneficial when a design
needs to be tested initially but once decided upon the finished article will be

constructed using thinner sheets to give a better overall finish.

While in the embodiment described the wheel of the dispensing device is
mounted to move in straight lines an to apply adhesive in straight lines, it will be
appreciated that in an alternative arrangement, the entire adhesive dispensing
system could be mounted to enable rotation about its own vertical axis. This
would enable the wheel to follow the contour of the shape being made. This
arrangement would provide for increased speed of the adhesive dispensing
process while removing the need to prime the wheel as it would always rotate in

the same direction.
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While in the embodiment described the applicator contact surface 14 is
provided formed on the circumference of the wheel, it will be appreciated that in
an alternative embodiment the contact surface 14 may have a ring form and
that the ring may be removable and replaceable, for example, a number of
different rings comprising recesses of different dimensions or of different
spacing may be provided for fitting to the wheel.

It will be appreciated and understood that what has been described herein are
exemplary arrangements of a layered object manufacturing system. Use of such
a system provides for the use of water based adhesives to bind successive
layers of paper in generation of a three dimensional model. The paper can be
provided in conventional paper sizes and is moveable within the system from a
storage stack to a build object location, individual pages at a time. The system
typically effects the application of adhesive onto the paper using an adhesive
applicator wheel having a plurality of circumferentially spaced apart recesses for
receiving adhesive. The wheel is rotatable to convey adhesive filled in one or
more recesses to a target substrate and to deposit controlled amounts of
adhesive at discrete points thereon.

The invention provides a system and method of applying adhesive to paper
which ensures that the paper does not become saturated with adhesive thus
minimising warping of the sheet. The warping of the page is minimised by the
fact that the quantity of adhesive deposited onto the substrate may be
controlled as required. By providing precise control of the amounts of adhesive
deposited on a substrate, it is possible to use water based adhesives for
example, Polyvinyl Acetate (PVA). The system similarly facilitates the use of
different and standard types of paper. The system thus uses conventional and
readily available raw materials for example standard office paper and has the
advantages of being user-friendly and easy to operate and supply. It will be
understood that by providing a LOM process that uses water based adhesives
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and can be used with conventional paper supplies that recycling and waste
issues are less problematic than with existing RP solutions. The paper supply
that is used in the LOM process can be waste or discarded paper, and the
waste paper from the LOM process can be easily recycled in the same manner
as conventional recycling. The discard of water based adhesives is easier than
discarding solvents or plastics such as are used in existing RP processes.

The provision of a multifunction head supporting the adhesive dispensing
portion, and the cutter/grabber portion on the same head eliminates the need to
provide separate mounting and moving means to effect movement of each of
these components individually. The provision of a grabber portion on the
multifunctional head of the system of the invention effectively eliminates the
need for a paper feeder system. The use of a head mounted grabber facilitates
ease in positioning of a sheet of paper on the build plate in the situation of the
LOM where the grabber is positioning a sheet onto a sheet of paper bearing an
adhesive layer.

The system may further be used with sheets of paper which is advantageous
from the point of view of operation and maintenance eliminating problems

associated with the handling of rolls.

The possibility of using water based adhesive addresses the further
environmental issues and concerns relating to the use and handling of solvent

based adhesives

The system of the invention further provides excellent control on the positioning
of the adhesive on a substrate. The density of adhesive laid down may also be
controlled. These features help to eliminate waste of adhesive.

The device and system of the invention further include design features to

prevent the build up of adhesive and resultant clogging. An automatic cleaning
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feature may also be provided with advantages from the point of view of

maintenance of the device and system.

A system provided in accordance with the present teaching may employ
standard, for example A4, sheets of paper that are neither pre coated
underneath with pressure sensitive adhesive or bonded to each other using
xerographic techniques, for example, using “sticky” ink binder. In this way such
a system is very environmentally friendly as it uses standard paper and a water
based PVA adhesive. The system is economic to operate in comparison with
prior art systems in that both the standard paper and the water based adhesive
are readily sourced from mainstream suppliers. Furthermore, such a system
can use recycled paper for example that has already been run through a regular
2D printer/office printer, further reducing the costs of operation.

While preferred embodiments have been described with reference to the figures
modifications can be made without departing from the scope of the invention
which is to be limited solely by the claims. Where integers or components are
described with reference to one figure it will be understood that they can be
interchanged with those of another Figure without departing from the context of

the invention.

The words comprises/comprising when used in this specification are to specify
the presence of stated features, integers, steps or components but does not
preclude the presence or addition of one or more other features, integers ,

steps, components or groups thereof.
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Claims

1. An adhesive dispensing device for use in layered object manufacturing
(LOM) systems for rapid prototyping so as to provide for the application of
adhesive to a target substrate, the device comprising an adhesive applicator
wheel having a plurality of circumferentially spaced apart recesses for receiving
adhesive, wherein the wheel is rotatable to convey adhesive filled in one or
more recesses to a target substrate and to deposit controlled amounts of

adhesive at discrete points thereon. -

2. A device as claimed in claim 1 wherein the wheel comprises a contact’
surface configured for contact with the target substrate, ‘and wherein the

plurality of recesses are formed therein.

3. A device as claimed in claims 1 or 2 wherein the device comprises an
adhesive wipe which together with the wheel defines a sealed adhesive filling

chamber for filling adhesive into one or more recesses.

4. A device as claimed in any of claim 3 wherein the wipe is coupled to a

pressurized supply of adhesive.

5. A device as claimed in any of claims 3 or 4 wherein the wipe and defines

the side walls and opening of the chamber.

6. A device as claimed in claims 3 to 5 wherein the wipe is formed for |

conformity with the wheel.
7. A device as claimed in claims 3 to 6 wherein the sealed adhesive filling

chamber comprises a vent means to enable the filing of a recess by the

displacement of air from the recess and venting of the air from the chamber.

RECTIFIED SHEET (RULE 91) ISA/EP
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8. A device as claimed in claim 7 wherein the vent means comprises a

formation in the wipe configured for interaction with a recess.

9. A device as claimed in claims 3 to 8 wherein the recesses of the wheel

are filled as they rotate through the chamber.

10. A device as claimed in any of claims 2 to 9 wherein the contact surface is
configured for sealing contact with the wipe.

11. A device as claimed in any of claims 3 to 10 comprising biasing means

for maintaining the wipe in sealing contact with the wheel.

12. A device as claimed in any of claims 2 to 11 wherein the contact surface

is integral with the wheel.

13. A device as claimed in any of claims 2 to 11 wherein the contact surface -

comprises a ring mountable to the wheel.
14. A device as claimed in any preceding claim wherein the dimensions and
spacing of the recesses may be varied according to the amount of adhesive to

be deposited.

15. A device as claimed in any preceding claim wherein the recesses have a

volume in the order of 10-50 nanolitres.

16. A device as claimed in any preceding claim wherein the recesses have a

substantially hemispherical form.

17. A device as claimed in any preceding claim wherein the contact surface

is comprised of a low friction material and/or comprises a low friction coating.

RECTIFIED SHEET (RULE 91) ISA/EP
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18. A device as claimed in any preceding claim wherein the target substrate
comprises a paper substrate.

19. A device as claimed in claim 18 wherein the paper is provided in sheet

form.

20. A device as claimed in any preceding claim wherein the adhesive
comprises a water based adhesive, for example a PVA adhesive.

21. A device as claimed in any preceding claim wherein adhesive is
deposited from a filled recess to the target substrate by means of capillary

action.

22. A device as claimed in any preceding claim wherein the wheel is coupled
to a wheel drive means for controlling the direction and angular velocity of

rotation of the wheel.

23. A device as claimed in any preceding claim mounted for translation

relative to a target substrate.

24. A device as claimed in claim 23 coupled to a drive means to control the

linear velocity of the.device relative to the target substrate.
25. A device as claimed in claims 22 to 24 wherein the angular and linear
velocities are controllable to effect the laying down of variable amounts of

adhesive on the target substrate as required.

26. A layered object manufacturing (LOM) system for rapid prototyping

incorporating an adhesive dispensing device as claimed in any preceding claim.

27. A layered object manufacturing (LOM) systém for rapid prototyping, the
system providing for the application of a water based adhesive onto multiple

RECTIFIED SHEET (RULE 91) ISA/EP
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layers of a paper substrate to effect generation of a three dimensional object,
the system comprising:

a) A reservoir for the water based adhesive;

b) A dispenser in fluid communication with the reservoir for dispensing
the water based adhesive from the reservoir onto the paper substrate;

c) Control means operable on the dispenser for directing the dispenser to
specific locations of the substrate for subsequent dispensing of adhesive onto

the paper substrate.

28. The system of ciaim 27 wherein the dispenser operably provides for the

selective dispensing of adhesive of predetermined volumes at speci'ﬁc locations

‘on the paper substrate.

29. The system of claim 27 or 28 comprising a paper feed mechanism for
receiving a plurality of sheets of paper and for feeding individual sheets of the
plurality of sheets as desired.

30. The system of claim 29 comprising means for transporting the individual
sheets from the paper feed mechanism to a build object location for subsequent
application of adhesive thereon.

31.  The system of claim 30 wherein paper feed mechanism is configured to
dispense the sheets of paper at a first speed, the means for transporting the
individual sheets being operable at a second speed, the first speed being
greater than the second speed.

32. The system of any one of claims 27 to 31 wherein the dispenser
comprises a dispensing system as claimed in any one of claims 1 to 26.

33.  Alayered object manufacturing (LOM) system for rapid prototyping, the

system providing for the controlled application of an adhesive onto multiple

RECTIFIED SHEET (RULE 91) ISA/EP
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layers of a paper substrate to effect generation of a three dimensional object,
the system comprising:

a) A reservoir for the adhesive;

b) A dispenser in fluid communication with the reservoir for dispensing
the adhesive from the reservoir onto the paper substrate at a build location;

c) a paper feed mechanism for receiving a plurality of sheets of paper
and for feeding ihdividual sheets of the plurality of sheets as desired;

d) means for transporting the individual sheets from the paper feed

- mechanism to the build object location for subsequent application of adhesive

34. The system of claim 33 comprising control means operable on the
dispenser for directing the dispenser to specific locations of the substrate for

subsequent dispensing of adhesive onto the paper substrate.

35. The system of claim 33 or 34 wherein the paper feed mechanism is

configured to receive paper sheets of different thicknesses.

36. The system of any one of claims 33 to 35 being operable with sheets of
different colours so as to enable the fabrication of three dimensional coloured
objects.

37.  The system of claim 36 wherein the paper feed mechanism is configured
to receive a plurality of sheets of different colour and to selectively feed
individual ones of the plurality of sheets as desired.

38. The system of any one of claims 33 to 37 wherein the dispenser

comprises a dispensing system as claimed in any one of claims 1 to 26.

39. An adhesive dispensing device comprising an adhesive applicator wheel
having a contact surface comprising a plurality of circumferentially spaced
recesses for receiving adhesive at a wipe and upon rotation of the wheel

conveying adhesive to a target substrate to deposit controlled amounts of
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adhesive at discrete locations thereon, wherein the wheel and wipe together
define a sealed adhesive filling chamber.

40. A device as claimed in claim 39 wherein the wheel contact surface is
configured for sealing contact with the wipe.

41. A device as claimed in claims 39 or 40 comprising biasing means for -

maintaining the wipe in sealed contact with the wheel.

42. A device as claimed in claims 39 to 41 wherein the spacing of the
recesses on the wheel relative to the substrate is such that only one recess is
arranged for contact with the target substrate at any one time.

43. A device as claimed in any of claims 39 to 42 wherein the spacing of the
recesses on the wheel relative to the form of the wipe is such that an integer
number of recesses may be accommodated within the wipe to effect a seal
between the wheel and wipe.

44. A device as claimed in any of claims 39 to 43 wherein the wipe and
recesses are formed such that filling of the adhesive into a recess is achieved

by an exchange of gas from and adhesive into the recess at the wipe.

45. A device as claimed in claim 44 wherein the exchange of gas and
adhesive is by venting of gas from the recess by movement of the recess
relative to the wipe.

46. A device as claimed in any of claims 39 to 45 wherein the wipe
comprises a leading and/or trailing edge having a thickness less than the
diameter of a recess to enable a venting of gas and filling of adhesive at the

leading and/or trailing edge as the wheel is rotated relative to the'wipe.
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47. A device as claimed in any of claims 39 to 46 comprising wheel drive
means and control means operable to control the direction and angular velocity
of rotation of the wheel.

48. A device as claimed in claim 47 wherein the angular movement of the
wheel relative to the wipe is controllable to control the amount of adhesive being

filled into a recess.

49. A device as claimed in claims 47 or 48 wherein the angular movement of
the wheel relative to the substrate is controllable to control the amount of
adhesive being deposited to the substrate.

50. A device as claimed in any of claims 39 to 49 comprising angular position
detection means configured to detect the angular position of the wheel in real

time and to output the angular position data to the wheel drive control means.

51. A device as claimed in claim 50 wherein wheel drive control means is
operable to synchronise movement of the wheel relative to the wipe such that
the wheel may be stopped in a sealed mode with recesses fully'accommodated

within the wipe to stop the flow of adhesive.

52. A device as claimed in any of claims 39 to 51 wherein the contact

surface is integral with the wheel.

53. A device as claimed in any of claims 39 to 52 wherein the contact

surface comprises a ring mountable to the wheel.
54. A device as claimed in any of claims 39 to 53 wherein the dimensions

and spacing of the recesses may be varied according to the amount of adhesive

to be deposited.
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55. A device as claimed in any of claims 39 to 54 wherein the recesses have
a volume in the order of 10-50 nanolitres.

56. A device as claimed in any of claims 39 to 55 wherein the recesses have

a substantially hemispherical form.

57. A device as claimed in any of claims 39 to 56 wherein the contact
surface is comprised of a low friction material and/or comprises a low friction

coating.

58. A device as claimed in any of claims 39 to 57 wherein the target

substrate comprises a paper substrate.

59. A device as claimed in claim 58 wherein the paper is provided in sheet

form.

60. A device as claimed in claim 59 wherein the colour of the sheet is user

selectable.

61. A device as claimed in any of claims 39 to 60 wherein the adhesive

comprises a water based adhesive, for example a PVA adhesive.

62. A device as claimed in any of claims 39 to 61 wherein operably adhesive |
is deposited from a filled recess to the target substrate by means of capillary

1

action.

63. A device as claimed in any of claims 39 to 62 mounted for trahslation

relative to a target substrate.
64. A device as claimed in any of claims 39 to 63, being configured for

operable mounting to a multifunctional head on a x-y frame and configured for

movement on the x-y frame relative to the target substrate.
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65. A device as claimed in claims 63 or 64 coupled to a drive means to
control the linear velocity of the device relative to the target substrate.

66. A device as claimed in claims 63 to 65 wherein the angular and linear
velocities are controllable to effect the laying down of variable amounts of

adhesive on the target substrate as required.

67. A layered object manufacturing (LOM) system for rapid prototyping
incorporating an adhesive dispensing device as claimed in any of claims 39 to
65.

68. A system as claimed in claim 67 being used with multiple individual
sheets of a target substrate material, the system including a receiver for the
multiple sheets and comprising a sheet feed means provided adjacent to the
receiver and comprising a feed roller and a grab head configured draw a sheet
from the feed roller and to position the sheet as required on the target substrate

to form a build object.

69. A system as claimed in claim 68 wherein the grab head is configured to

grip a sheet from the roller.

70. A system as claimed in claims 67 or 68 wherein the grab head comprises a
support surface and a grip portion wherein the grip portion is operable to move
from a rest position at a separation from the support and a grip position in

contact with the surface.

71. A system as claimed in claim 70 wherein the grab head is configured to

grip a leading-edge of the sheet material.
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72. A system as claimed in claims 70 or 71 wherein the support surface
comprises a wedge form configured to provide a controlled bending of the sheet
as it is drawn to position on the target substrate.

73. A system as claimed in any one of claims 68 to 72 wherein the receiver
is configured to receive the multiple sheets in a stack configuration, individual
sheets of the stack differing from other sheets of the stack in at least their

colour.

74. A system as claimed in any one of claims 68 to 72 wherein the receiver

is configured to receive sheets of different thicknesses or dimensions. .

75. A method of rapid prototyping comprising:

Providing a system as claimed in any one of claims 67 to 74

Generating a three dimensional model using a stack of individual sheets
of paper that are successively bound to one another using a water based
adhesive, the dispensing device providing for the controlled application of the
adhesive to specific locations of the paper;

Separating the three dimensional model from scrap material; and

Discarding the scrap material.
76. The method of claim 75 including the subsequent step of adhering two or

more three dimensional models to one another using a water based adhesive to

generate a larger three dimensional model.
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Figure 3: Front elevation of the wipe and dimpled wheel.
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Figure 5: Priming of the adhesive wheel
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Figure 6: Basic Machine Layout: Isometric View
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Figure 7: Basic Machine Layout: Front Elevation
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Figure 8: Isometric View of Multifunction Head
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Figure 11: CAD Model of Part Figure 12: Un-Weeded Diced Block

Figure 13: Partially Exposed Part Figure 14: Finished 3D Part



WO 2009/068672 PCT/EP2008/066473

12/12
4 N\
Attach First Sheet
1500 ~ \ J
4 N\
_ Deposit Adhesive
1501 L J s
, Nl
Place Sheet :
1502 — ) .
s h E
| Single Pass Roller :
1503 . /o
e h .
1504 o Cut 2D Profile .
. J E
e A E
1505 ] Heat Plate Press .
L J
- N E
1506/_ Is Part finished? vrnen
\_ J No
YES
1507 ~ ] Remove Finished Part
- J

Figure 15



INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2008/066473

A. CLASSIFICATION OF SUBJECT MATTER
INV. B05C1/08 B29C67/00

According to International Patent Glasslfication (IPG) or to bath national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

BO5C B29C

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

EPO-Internal

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to clalm No.
X US 2004/168629 A1l (MISKECH PETER [US] ET 1,22,25
AL) 2 September 2004 (2004-09-02)
abstract
figure 1
paragraph [0032] - paragraph [0033]
Y 2-6,
9-12,14,
18,20,
21,
39-41,
47,49,
52,54,
58,61,
62,66
- / ——

Further documents are listed in the continuation of Box C. See patent family annex.

* i lted d is :

Special categories of cited documents 'T* later document published after the international filing date
or priority date and not in confiict with the application but
f:ited to understand the principle or theory underlying the
nvention

"A" document defining the general state of the art which is not
considered to be of particular relevance

"E" efaljller document but published on or after the international *x* document of particular relevance; the claimed invention
fling date cannot be considered novel or cannot be considered to
Lt doc#ment whiézlg may tltjlll;ot‘:ltﬂoum% l?n prio:gy claim(s) t:)r involve an inventive step when the document is taken alone
which is cited to establish the publication date of another *Y* document of particular relevance; the claimed Invention
Citation or other special reason (as specified) cannot be considered 1o involve an inventive step when the
*0O" document referring to an oral disclosure, use, exhibition or document is combined with one or more other such docu—
other means ments, such combination being obvious to a person skilled
*P* document published prior to the International filing dale but inthe art,
later than the priority date claimed *&" document member of the same patent family
Date of the actual completion of the international search Date of malling of the Intemational seaich repott
6 April 2009 21/04/2009
Name and mailing address of the ISA/ Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
NL ~ 2280 HV Rijswik

Tel. (+31-70) 340-2040, )
Fax: (+31-70) 340-3016 Lozza, Monica

Form PCT/iSA/210 (second sheet) (April 2005)



INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2008/066473

C(Continuation), DOCUMENTS CONSIDERED TO BE RELEVANT

8 July 2003 (2003-07-08)
abstract
column 5, Tine 58 - 1ine 60

Caiegory* Citation of docurnent, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y WO 01/23100 A (OWENS CORNING FIBERGLASS 2-6,
CORP [US]; PATEL BHARAT D [USD) 9-12,14,
5 April 2001 (2001-04-05) 18,20,
21,
39-41,
47,49,
52,54,
58,61,
62,66
abstract
figures 2,3,4A-4C
page 2, line 10 -~ line 12
page 4, line 17 - page 5, line 33
page 6, line 26 -~ 1ine 30
page 8, line 5 - 1ine 13
Y US 6 413 360 B1 (MORITA SATOSHI [JP] ET 27-30
AL) 2 July 2002 (2002-07-02)
abstract
figures 1,4(A)-4(C)
cotumn 8, Tine 27 - T1ine 31
column 9, line 64 - column 10, Tine 53
Y US 6 589 471 B1 (KHOSHNEVIS BEHROKH [US]) 27-30

Fomm PGT/1SA/210 (continuation of second shaet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2008/066473
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2004168629 Al 02-09-2004  NONE ‘
WO 0123100 A 05-04-2001 AU 7721400 A 30-04-2001
US 6413360 Bl 02-07-2002  NONE
US 6589471 B1 08-07-2003  NONE

Form PCT/ISA/210 (patent family annex) (April 2008)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - claims
	Page 32 - claims
	Page 33 - claims
	Page 34 - claims
	Page 35 - claims
	Page 36 - claims
	Page 37 - claims
	Page 38 - claims
	Page 39 - claims
	Page 40 - claims
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - drawings
	Page 51 - drawings
	Page 52 - drawings
	Page 53 - wo-search-report
	Page 54 - wo-search-report
	Page 55 - wo-search-report

