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METHOD AND APPARATUS FOR FABRICATING A FOAM CONTAINER WITH A
COMPUTER CONTROLLED LASER CUTTING DEVICE

FIELD OF THE INVENTION
The present invention relates to a method and apparatus for fabricating a foam container
by using a [aser cutting apparatus to precisely cut and remove portions of foam in order to form
custom and predetermined text, indentations and protective compartments in the foam, and more
particularly a method of controlling the laser relative to high density foam to create precise cuts
completely through the foam without subsequently adjusting the focal point of the laser, the cuts
being made according to exterior dimensions of an object to be supported and protected in the

high density foam.

BACKGROUND OF THE INVENTION

The fabrication of foam containers with compartmental cutouts is well known. Methods
using machinery that have movable working benches to position and move the foam along a
cutting blade that may be positioned on a vertical or horizontal axis in relation to the table have
been widely used and are described in U.S. Patent No. 6,386,083, 1.S. Patent No. 6,125,733 and
in U.S. Patent No. 6,832,538. Each of the apparatus described present limitations in positioning
the foam in relation to the cutting blade. Notably, these conventional cutting apparatus are
limited by the type and size of the cutting blade and do not allow internal transverse cuts into the
foam to create three dimensional compartments. Other methods as described in U.S. Patent No.
5,688,538 and in U.S. Patent No. 6,477,931 use sets of rollers with patterned dies that are
pressed against a foam sheet with sufficient force to extrude portions from the foam. The
extruded portions are then removed and patterned indentations are formed in the foam sheet. The
use of die cut presses at high temperatures as shown in U.S. Patent No. 7,076,857 stamp patterns
into foam sheets to form indentations. Rollers or die cutters have the limitation of high costs to
create the molds for each unique pattern indentation thus limiting the ability to create custom
designed compartments that would fit oddly shaped objects.

Another method as described in U.S. Patent 5,992,633 pulls electrically heated wires
through blocks of foam to form loose fill packaging material to provide for no disassembly of the
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block foam until the fill material is needed. This method also presents the limitation of
positioning the foam along the electrically heated wires and allows for only straight cuts through
the foam not transverse cuts to form indentations and compartments. A number of limitations of
creating indentations in foam are overcome in U.S. Patent 6,868,765 that uses pulleys and drive
arms 1o position a cutting element carrier to allow rotational movement of a cutting element
using a blade knife or cutting wire to cut various shapes and contours within a foam material.

In order to address the limitations of positioning the foam picce to the cutting apparatus
and to provide for custom three dimensional compartment designs the present invention uses a
laser material processing system to create cuts and indentions within high density foams. A laser
material processing system includes a laser source, a power supply, a CPU for receiving a
computer program to control beam positioning and corresponding laser modulation, a control
panel and a beam delivery system. Patterns are cut from materials using a vector motion of the
laser beam by moving a beam delivery system simultancously along X and Y axes in accordance
with the path of the desired pattern while applying a controlled amount of laser energy to cut into
or through the material.

As is known in the prior art, the output laser beam is directed along paths parallel to the
Y-axis and the X-axis respectively using mirrors and/or other known optical elements. A final
mirror and a final focusing lens are located in the beam focusing assembly of the system, such
that the final mirror directs the beam out of the plane of the X-Y motion system to the final
focusing lens. The final focusing lens then focuses the resulting beam to a focus spot on the
subject material workpiece in order to engrave along the surface or cut into the material.
Adjustments to the position of the mirror or choosing different types of lens or other optical
elements will adjust the focal point of the laser and spot size thus adjust the power output of the
laser. These adjustments allow the use of a laser system to cut and engrave plastic, wood, rubber,
and rubber-like material, and paper. What has not been accomplished in the prior art is a method
of successfully cutting high density foam using a laser material processing system. High density
foam is a petroleum based product and particularly flammable. When used with high energy
lasers the material is highly susceptible to overheating and catching fire. Any smoke and debris

from such overheating or fire will damage the laser system as well as at the very least coat the
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lens and mirrors of the focusing assembly system causing cracking and destruction of these

elements.

SUMMARY OF THE INVENTION

The present invention is directed to a method of using laser cutting tools to form
predetermined and custom designed text, indentations and protective compartments in a range of
high density foams, thereby permitting the foam to securely hold and protect another object fit
into the indentation or compartment. The method includes the use of a laser material processing
system into which graphical designs and texts can be entered into a computer system and saved
as templates.

The graphical designs may be captured initially manually where an object to be supported
and secured in the foam has a specific weight and shape, and is placed on a drawing sheet and
traced to create an outline. The outline could also be traced and/or estimated by a other
mechanical or software means, but in whichever manner this is accomplished an outline will
capture an irregular shape of any object which needs to be securely placed in such high density
foam for protection. An example of such objects which require a soft protective foam
compartment are war gaming models where the small models themselves have many intricate
parts, limbs and extensions which can be easily broken if not adequately protected. These
models require a soft, but tightly toleranced foam compartment to prevent the limbs and
extensions from being broken off. It is to be appreciated that the method and apparatus of the
present invention could be used to also cut foam for protection of other objects and sensitive
items as well, such as firearms, medical and scientific testing and measurement equipment, etc.

Once the dimensions of the object are rendered or estimated into an outline drawing, the
outline drawing is then uploaded to a computer program by using a scanner, a digital camera, or
some other device to capture the design. The computer program converts the design into a
template of X-Y coordinates for a laser material processing system. These coordinates are used
to directly control the movement of the laser to cut a design shape within a material that
specifically matches the uploaded outline drawing. Multiple outline drawings could be grouped

to form a single design template of X-Y coordinates for the laser material processing system.
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The design template and size and weight of the object will be used to determine a suitable
high density foam material that will adequately protect and support the object. The method is
then directed to optimization of the focal point and power of the laser and to adjustments of
speed of the laser in moving through the X-Y axes to cut into the material without overheating
and damaging the material, laser focusing system assembly or other equipment. As described
below further optimization of the focal point, power and speed must consider the thickness and
density of the material, and the specific customizations required in the design template as to
whether an indentation of a specific graphical design is created in the material or the material is
cut completely through and backing is used to support the object within the foam compartment.

Custom design graphical indentations and text created from a design template are done
by adjusting the focal point of the laser to the surface edge of the material or to a minimal depth
within the material. The laser is then driven through a serious of movements in the X-direction
from the first edge of the design to the furthest edge of the design and then moved in the Y-
direction and then back in the X-direction to sufficiently move the laser back and forth over the
design area and burn out or etch the design into the foam material. As will be described further
because of the softness of the material the adjustment of speed and power are reduced to prevent
overheating of the material.

In cutting through the foam material the laser focal point is adjusted to a position that
focuses the laser to a depth that is beyond the thickness of the material. An appropriate lens
depending upon the thickness of the material is selected and the outer edge of the beam focusing
assembly of the system (the exit point of the laser from the system) is positioned directly on top
of the upper surface of the foam material, thereby adjusting the final focusing lens to a focal
point that is beyond the top surface of the subject material workpiece and the focal point being
somewhere inside the depth of the material generally closer to a bottom surface of the workpiece
rather than the top surface. Adjustments to speed and power allow the laser beam to cut through
the foam material even though the focal point of the laser is not on or even close to the top
surface of the foam material being cut.

In cutting the protective compartments from the custom designed template completely
out of the foam material an appropriate enclosure must be formed with a specific profile to hold

the selected objects. The present invention uses a high density foam backing of a thickness
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dependent upon the size and weight of the selected objects. This foam backing is adhered to the
cutout foam material using a hot roller glue system that coats adhesive to each irregular surface
of the cutout foam material and securely adheres the foam backing to the foam material further
protecting the selected objects within the protective compartments.

These and other features, advantages and improvements according to this invention will
be better understood by reference to the following detailed description and accompanying

drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a perspective view of the laser material processing system;

Fig. 1A is diagrammatic representation of the computer system and control electronic
memory unit;

Fig. 2 is an enlarged view of the laser showing the focal point of the laser light beam;

Fig. 3 is a perspective view of the focal point of the laser light beam on the surface edge
of the foam material;

Fig. 4 is a perspective view of the adjusted laser position with the focal point within the
depth or thickness of the foam material;

Fig. 5 is a diagrammatic view of a section of foam material with standard rectangular
portions removed using the present invention;

Fig. 6 is a diagrammatic view of a section of foam material with irregular shaped portions
removed using the present invention,

Fig. 7 is a perspective view of applying adhesive to a section of foam;

Fig. 8 is a perspective view of a section of foam surface coated throughout with an
adhesive and attaching the foam surface to a support backing;

Fig. 9 is a general flow diagram of the method of the present invention;

Fig 10 is a preferred embodiment employed in the disclosed method of forming a foam
protective material;

Fig. 11 is a representative tracing and profile of an item to be protected in the foam
material;

Fig. 12(a) is a tracing and profile showing best fit lines relative to the initial tracing;
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Fig. 12(b) is a modified tracing for input to a computer controlled cutting device; and
Fig. 13 is a diagrammatic representation of a computer system for controlling the foam

cutting tool according to the disclosed method of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

As described briefly above, the present invention is directed to an apparatus and method
of fabricating foam containers or packaging with custom text, indentations and specifically
profiled protective compartments using a computer system and software controlled laser cutting
device for transferring a predetermined template throngh the computer system and via the laser
cutting device cutting a foam material to replicate the predetermined template. As shown in
Figs. 1 and 1A, the exemplary computer and software controlled laser material processing
system 1 includes, for example, an image capture device 2 such as a digital camera or a digital
scanner which can input an image of a template or design to be stored in the computer memory
of the computer system. The system 1 includes a display screen 3, an electronics and memory
unit 4 connected to display screen 3 for storing and displaying one or more template images 5
through display screen 3, and a local control input 6 connected to electronic and memory unit 4
for direct user control of the system 1. The computer and software controlled laser material
processing system 1 may further include an intemet connection and even a wireless modem 8
connected to electronics and memory unit 4 for receiving and downloading template images 5
from a remote node 7, such as a connection to a service provider or remote customer. Other
elements of the computer system and software controlled laser material processing system 1,
such as various forms of power supply and various implementations thereof, will be understood
by those of ordinary skill in the relevant arts to be included in the material processing system 1
without further description thereof as such elements are well known in the art.

Referring to Fig. 1A, electronics and memory unit 4 typically includes a memory

4A for storing one or more images 5 received from, for example, the image capture device 2
and/or remote node 7 through intemnet or wireless modem 8. Also in memory unit 4A is a system
control mechanism 4B typically comprised of program modules for controlling the general
operation of the material processing system 1, and an image display control mechanism 4C,

typically comprised of program modules, for controlling the selection and display of images 5 as
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described below. System and image display control mechanisms 4B and 4C control a processor
unit 4D that in turn controls the operations of memory 4A, display screen 3, image capture
device 2 and such of local control input 6 and internet and wireless modem connection 8§ as may

be implemented in the system 1.

The structure, functions and operation of a system control mechanism 4B
controlling processor unit 4D, memory 4A, display screen 3, local control input 6, internet and
wireless modem connection 8, are well known and understood by those of ordinary skill in the
art and, as such, need not be described further herein. The following description will therefore
focus on the structure, functions and operations of the computer system and software controlled

laser material processing system 1.

Fig. 1 also shows a representation of the laser material processing system 1 with the beam
focusing assembly 12 of the laser shown aligned above and directed along a cutting axis A ata
section of foam material 10. The foam material 10 is supported on a bottom surface by the a
support bench 18 with a front surface of the foam material 10 facing the focusing assembly. The
support bench 18 is mounted on adjustable legs 20 or a similar linear adjustment mechanism
which allows movement of the support bench 18 linearly along the axis A, where the axis A
perpendicularly intersects the planar surface 19 of the support bench 18. The linear adjustment of
the support bench along the axis A positions the foam material 10 closer or farther from the
bearn focusing assembly 12 and in this manner consequently adjusting the focal point F of the
laser relative to the foam material 10 and the support bench 18 as seen in Fig, 2.

The beam focusing assembly 12 has mirrors 13 and other optical elements that
predetermine the focal point F of the culminated beam of laser light at a specific beam focal
length fy. This specific beam focal length f3 (which therefore defines the focal point F) is the
distance from the exit point of the laser 22 at the edge surface of the beam focusing assembly 12
to the predetermined length based upon the selected mirror 13 used for beam focusing in the
beam focusing assembly 12. These preset distances have a range of focal point lengths from 1.5”
to 7.0” with each designated beam focal length f3 being associated with a specific mirror. With
the support bench 18 at its maximum height and the use of a focal point spacer (not shown) that

has a specific length complementing the beam focal length f; of each mirror the beam focusing
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assembly 12 can be adjusted to position the focal point F directly at a point on the surface of the
foam material 10.

As discussed below, the focal point F of the laser is set according to the strength of the
mirrors 13 used with the beam focusing assembly 12. Generally, a 1.5 mirror focuses the beam
at a focal point F of 1.5 inches from the front of the laser 22, similarly a 4 mirror focuses the
beam at a focal point F of 4 inches from the mirror. The focal point F is the point at which the
beam focuses all its energy so as to provide the most cutting power at this focal point F. What is
critical to understand with respect to the present invention and unconventional within the art is
the relative alignment of the foam material 10 to be cut or machined relative to the focal point F
where the focal point F of the beam is focused deep within the foam material to be cut or
machined rather than on the surface of the material. The words “cut” and “machined” are used
either together or separately to indicate generally the removal of material from the foam material
10 by the laser beam assembly 12.

This method and system is particularly unconventional because the strength of the beam
along the focal length f; is not strong enough at a set power level to cut most materials except at
the focal point F, without changing the relative positioning between the material being cut and
the focal point F. In other words, in conventional use because the focal point is the cutting point
of the material, the focal point must be moved relative to, i.e. through the material, along the axis
A to cut all the way through the material. Thus, where the material to be cut or machined and
the focal point F are maintained at the same distance relative to one another, in almost any
material this would fail to cut or machine the material at all, since the beam would not get
through the material to cut the material unless the focal point F is directly on the surface of the
material being cut or machined. Alternatively, the focal point F of the beam would have to be
maintained at a single location for an undesirable amount of time, and then moved along the axis
A from the surface of the material into and through the thickness of the material. Such processes
are time consuming and detrimental to the material, if even able to cut the material at all,
potentially causing fires and material macrostructure changes and variations which would
compromise the material due to the length of time the high energy laser beam is in contact with

the material.
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In the present invention, contrary to the manufactures directions and conventional laser
cutting techniques, the focal point spacer is not used and the support bench 18 is adjusted to a
distance to initially position the beam focusing assembly 12 at a distance closer to the opposite
bottom side 23 of the foam material 10, rather than the side closest to the mirror 13. This could
therefore position the focal point F near, or even at the back side of the material to be cut. This is
due to the fact that the beam will cut the foam material along the focal length fy of the beam as
well as at the focal point F, and it is critical to understand that there is also residual beam energy
which extends past the focal point F so that any remaining material past the focal point may also
similarly be cut to some extent and the entire foam material is cut through from the top side 21 to
the bottom side 23 without having to adjust the focal point F of the beam relative to the material.

An important aspect of the present invention is determining the point, or depth in the
material at which to provide the focal point F based on the speed and power of the laser beam.
As noted above in many thicknesses of polyurethane foam material 10 as contemplated by the
present invention, the focal point is initially positioned at a point deep inside the material, closer
to the bottom side 23 of the material 10 than the top side 21. In other words the focal point F is
adjusted to a position relative to the foam material that is within the thickness of the foam
material 10 as shown in Fig. 4 and closer to the back side than the front side. Mirrors 13 can also
be changed to adjust the beam focus point length f; as determined by the thickness of the foam
material 10 as discussed in further detail below.

By way of example, for foam material 10 that is 17 in thickness a 1.5 inch mirror may be
used and the support bench 18 is adjusted relative to the beam focusing assembly 12 to set the
beam focal point F at a distance that is approximately 1” or less into the material 10 so that the
beam, focal point F and residual energy all cut through the material without further adjustment of
the focal point F or material relative thereto. In this manner, without altering the focal point F or
material distance relative to the beam or laser apparatus, a complete cut is made through the
foam material 10 without any further adjustment of the device. Where a foam material 10 of
thickness for example 6” is to be cut, a 4.0° mirror is used with the focal point F initially
provided at a depth of 4 inches into the foam. This also causes the front side 21 of the foam to be
substantially flush with the front of the laser lens or mirror, and the residual energy of the laser

beam is sufficient to cut the remaining 2” of the 6” thick material. Currently 6” is the maximum
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thickness of foam material 10 used in this embodiment of the invention, but given the range of
mirrors that are available and the options of different thickness in foam material of greater
thicknesses could be used.

It is another important aspect of the present invention that the foam workpiece material
10 is a polyurethane, open celled foam. Such foam is easily obtainable and relatively cost
efficient for used in containers and packaging for protecting lighter weight, delicate or sensitive
objects. The problem with cutting polyurethane foam with anything other than conventional
cutting blades or hot wires is that the high encrgy and heat dissipation from a high-energy source
such as a laser can ignite this combustible, organic, hydrocarbon based product. What is not cost
efficient until now is the ability to cut and machine this foam in a cost effective manner so that
the templates of the material cutouts can be readily changed without having to build new cutting
blades. The presently described method and apparatus permits the user to use an appropriately
powered laser beam at a speed which completely cuts through the material without causing the
complete combustion of the polyurethane foam material 10. It is contemplated that other similar
foams, such as polyethylene foam could potentially be cut in a similar manner.

Once the beam focal point F is set based upon the mirror sclection and the thickness of
the material, the design template is converted to x-y coordinates for the specific graphic designs
or text that are to be cut out of the foam material 10 and this information is uploaded to the laser
material processing system. The speed of movement of the laser control system is then adjusted.
The speed adjustments are set to within a range based upon the density of the foam material 10 to
the distance of the required cut based upon the design template. For indentations as opposed to
cutting through the foam material 10 the speed is set to a higher level within a range of 80 to 100
% of maximum speed and adjustments are made to reduce the power output of the laser to as low
as 25% power or higher ranges up to 100% power depending upon the intricacies of the
graphical design from the design template.

To cut completely through the foam material 10 the thickness of the material determines
the speed settings with the power setting left at 100%. For foam material 10 of 1 thickness, the
speed is set between 2.0% and 10.0% with more specifically a range of 2.0% to 5.0%. For foam
material 10 of a thickness of 2” to 3”, speed is set between 0.5% and 7.0% with more specifically
a range of .9% to 4.0%. For foam material 10 of a thickness of 4” 5” or 67, speed is set between
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0.5% and 5.0% with more specifically a range of .5% to 2.5%. These range of settings are based
a foam material 10 of foam density of 1.81b/ft’and a 60 watt laser. Settings would vary
depending upon the density of the foam, however with the use of a 60 watt laser, foams of
51b/f to 101b/ft° have been successfully cut and indented within the ranges as shown.

Fig. 4 and Fig. 5 show a graphical representation of the foam material 10 with cutouts of
standard grid rectangular shapes 26 as shown in Fig. 4, and of custom designed compartments 28
as shown in Fig. 5 based upon the outline drawing of objects that require unique shapes in order
to adequately protect extended or fragile components of the object. Each figure also shows the
item TEXT 24 that can be created in the foam as an indentation to identify the items or
manufacturer of the objects within the protective foam container. A number of different
graphical formats such as .jpg, .GIF, .TIFF, .pdf, and others can be imported and converted to x-
y coordinates to create the graphical designs on a number of high density foam materials in these
embodiments. The graphical designs can range in sizes from 1” x 1" to 80” x 80”.

For design templates that cut through the foam material 10 a support backing 36 is
adhered to the foam material 10 using a hot glue machine 30. The hot glue machine melts
packets of adhesive and uses a motor to draw the adhesive 34 over the surface of a roller 32. The
adhesive 34 can be evenly spread over all surfaces of the foam material 10 by dragging the
material along the roller 32 as shown in Fig. 7. The foam material 10 is then placed on a support
backing 36 as shown in Fig, & The foam density of the support backing is selected depending
upon the weight of the object. Evenly coating all surfaces of the foam material 10 provides
structural support to heavier objects and greater protection.

The present invention also relates to a novel method and apparatus for providing a
custom foam cutting service and a final custom formed protective foam packaging to customers
without having to fabricate unique cutting knives or tools to cut desired custom profiles or
outlines provided by the customer. Intricate and delicate devices such as scientific apparatus and
measurement devices, medical devices, models, figures or pieces used for example in war
gaming, really any item which could relatively easily break or need to be recalibrated or
reconfigured can require a protective travel container. Such travel containers are usually filled
with foam of one kind or another to protect the desired items during transportation. The foam

which is usually used as described above is a high density foam work piece material 10, usually

11



10

15

20

25

of polyurethane, open celled foam which is dense enough to secure an item in a cushioning
environment so that small or delicate parts of the item will not be broken or damaged in the event

of impact to the travel container.

Any small item may have its own unique shape and parts and therefore what is generally
desired is a corresponding uniquely shaped cut-out in the foam to accommodate the item. The
cut-outs must be precisely formed so as to secure the item as a whole, but also the cut-out must
account for the outermost edges, appendages and profile of the item some of which may be
delicate wires, armatures, antenna, etc. A variety of differently shaped cut-outs in a single piece
of foam are often necessary to secure numerous differently shaped items such as individual
models used in war gaming for example. The models of soldiers and war machines used in war
gaming are expensive, delicate and have numerous appendages which must be protected. There
is no single shape which can accommodate all the differences in between the different models
and therefore the owners of such models demand that each model have its own unique cut-out to
best protect the model. By way of general explanation and in view of the diagrammatic flow
chart of Fig. 9, the method and apparatus of the present invention presents instructions at step
101 to a user which directs the user to trace the object that is to be secured within a foam cutout,
the tracing is sent to the manufacturer or receivor at step 103 who inputs the trace, or a modified
version of the trace, into a computer memory at step 105 and then the computer memory is
accessed by the controller of a laser cutting device to direct the laser cutting device at step 107 to
cut the foam to the dimensions and depths indicated by the trace and other inputs to the cutting

device. The foam material now cut to the user's specifications is then sent to the user at step 109.

In a preferred embodiment of the method shown in Fig. 10 of the present invention the
manufacturer, or a third party entity hereinafter referred to as the receivor, publishes or presents
at step 101 on a website over the internet, or sends via email over the internet the set of
instructions to the user who desires to acquire a foam protective apparatus for a uniquely shaped
article. The instructions may be in the form of an instructional video, written directions, pictures
or a combination of all of these. In general the instructions presented to the user at step 101
include at least the steps of 101(a} obtaining appropriate tracing implements including suitable

paper and a drawing tool such as an ink marker; 101(b) arrangement of the items or models on
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the paper, for example in an upright or laying down profile; 101 (c) tracing the arrangement of
one or more items or models on to the paper; 101(d) determining the height of the items relative
to the upright or laying down profile; 101(e) determining the number of cut-outs necessary to
hold any particular set of items; 101(f) indicating the height and number of such similar items
within the tracing profile on the paper; 101(g) preparing an order form with other item and order
information for example name, phone, address, billing, credit card and shipping information
including any special instructions or comments etc., and fax, scan, email, mail or otherwise
forward the prepared tracings to a given receiving device for example, a facsimile machine,
email address, website address, mail box, etc. so that the receivor receives the requested tracing

and item information at step 103.

Turing to Fig. 11 the tracing(s) of any item(s) may be drawn on a plain sheet of white
paper or may be drawn on a specially prepared custom order page 121 as shown which includes
instructions 122 and a relative scale of measurement units 123 to aid the user and receivor in
determining the specific dimensions of the item and/or its tracing. The tracing 125 defines a
multi-faceted geometric shape, and generally a non-symmetrical shape, which has a center of
mass CM, i.e. a point where the shape has a greatest concentration of area. The tracing 125 is
essentially a detailed outlined profile of the item and has a plurality of sides 127 which may be
curved, linear, etc. The sides 127 are separated by intersections defining comers 129, The
corners 129 may be sharp or curved intersections but in any event generally delineate one side

127 from another of the tracing 125,

Upon receipt of the tracing 125 and related information described above the receivor
modifies the tracing(s) 125 into a simpler geometric shape keeping in mind the outermost profile
corners 129(0), i.c. essentially those corners 129(0) that are farthest from the center of mass CM
of the tracing. The outermost profile corners 129(o) must of course be maintained in order to
ensure there is sufficient room to fit the extremities of the model and its appendages into the final
cut-out in the foam. In other words, tracings 125 may include intricate appendages which can
be simplified by a best fit line 131, or series of best fit lines between non-adjacent outermost
corners 129(0) of the tracing. As seen in Fig. 12(a) these best fit lines 131 shown here eliminate

intermediate comers 129(i) which are between adjacent outermost corners 129(o) and relatively
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closer to the center of mass CM. This simplifies the more complex geometric shape provided by
the initial tracing 125 so that a simpler geometric shape is provided and thus easier to cut while
still maintaining a snug fit for the model or item to be secured in the foam cut-out. As can be
appreciated, this also eliminates the plurality of intermediate 127(i) sides between these adjacent
outer most corners 129(0) or inner most corners 129 (i) again making the profile and geometric

shape simpler to cut while still accommodating the item and any intricate or appendage elements.

With the final simplified profile complete a modified tracing 135 having sides of best fit
lines 131 is determined as shown in Fig. 12(b) and extraneous intermediate sides 127(i) and
corners 129(i) eliminated and/or reduced, the modified tracing 135 is converted to computer
readable data 139 by scanning or other input means 141 for a computer 143 to a memory 145
accessible by a computer processor 147. The receivor can arrange via a requisite computer
drawing or graphics program in the CPU 147 any desired number of final profiles on a template
on the computer and can accommodate these to fit in any particular size of foam material. The
final profile data included on a template in the graphics program can then be saved and accessed
by the processor 147 and the requisite cut-out and template data via an electronic controller 149
is transmitted to the laser cutting tool 151. The laser cutting tool 151cuts the cut-outs into the
desired foam material 153 in accordance with the supplied data and instructions. In addition to
the computer controlled formation of the cut-outs in the foam material, a choice of thickness of
foam must be made by the user based on the specified height of the item for each tracing. This
height information enables a volume determination to be made by the receivor so that a proper
thickness of foam material may be chosen to accommodate the height of the item and the depth

to which the laser cutting tool is arranged and/or instructed to cut.

With the proper thickness of foam selected and the laser cutting device or controller
programmed with the data for the final tracing(s) 139 and template for any given piece of foam
material the laser cutting device 151 is arranged in the manner as discussed in detail above with
the appropriate mirror size and the appropriate adjustment of the support bench 18 for supporting
the foam material to modify the beam focusing assembly 12 and set the beam focal point F at a
distance that is approximately at an intermediate point that is less than the thickness of the foam

material 10 so that the beam, focal point F and residual energy all cut through the material
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without further adjustment of the focal point F or material relative thereto. In this manner,
without altering the focal point F or material distance relative to the beam or laser apparatus, a
complete cut is made through the foam material 10 in the shape of the programmed modified
tracing(s) 135 without any further adjustment of the device.

The invention has been described in detail with particular reference to certain preferred
embodiments thereof, but it will be understood that variations and modifications can be effected

within the spirit and scope of the invention.
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I/ we claim:

1. A method of cutting a protective foam material to match a
predetermined design template with a laser, the method comprising the steps of:
inputting the predetermined design template into a computer memory

connected with a laser controller;

selecting a desired thickness of protective foam material as defined
between a front surface and rear surface of the foam material into which the

predetermined design template is to be cut with the laser;

selecting a mirror power for the laser which defines a focal point of the

laser at a desired distance from the laser along a beam axis;
supporting the selected foam material adjacent an output of the laser; and

arranging the protective foam material adjacent the output of the laser and
along the beam axis and aligning the focal point of the laser at an intermediate point
between the front surface and the rear surface of the foam material; and energizing the

laser to cut the predetermined design template into the protective foam.

2 The method as sct forth in claim 1 further comprising the step of
providing a planar support for the foam material that is adjustable relative to the cutting

device along an axis parallel with the beam axis.

3. The method as set forth in claim 2 further comprising the step of
adjusting the planar support along the beam axis so that the laser cuts entirely through the

foam material.

4. The method as set forth in claim 2 further comprising the step of
adjusting the planar support along the beam axis so that the laser cuts partially through

the foam material.

5. The method as set forth in claim 1 further comprising the step of

adjusting the focal point of the laser to an intermediate point in the foam material where
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the focal point of the laser is closer to the rear surface of the foam material then the front
surface.

6. The method as set forth in claim 5 further comprising the step of
arranging the focal point of the laser at a point relative to the rear surface of the foam
material where residual laser energy beyond the focal point of the beam completes

cutting through the foam material.

7. The method as set forth in claim 6 further comprising the step of
completely cutting through the entire thickness of the foam material in a single pass of

the laser across the foam material.

8. The method as set forth in claim 7 further comprising the step of
completely cutting through the foam material without any change or adjustment of the

foam material relative to the output of the laser along the beam axis.

9. The method as set forth in claim 4 further comprising the step of
adjusting the speed of the laser in accordance with at least one of the density of the foam

and the desired depth of the material to be cut.

10. A method of cutting a protective foam material with a laser

to match a predetermined tracing of an item, the method comprising the steps of:

inputting the predetermined tracing into a computer memory connected

with a laser controller;

selecting a desired thickness of protective foam material as defined
between a front surface and rear surface of the foam material into which the

predetermined design template is to be cut with the laser;

selecting a mirror power for the laser which defines a focal point of the

laser at a desired distance from the laser along a beam axis; and

arranging the focal point of the laser at an intermediate point between the

front surface and the rear surface of the foam material; and
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energizing the laser to cut the predetermined design tempiate into the

protective foam material.

11. The method of cutting a protective foam material with a laser to
match a predetermined tracing of an item as set forth in claim 10, the method further
comprising the steps of providing instructions to an end user to trace an outline of the
item to be protected on a sheet of paper, and to forward the outline of the item and at least

one of a height and thickness value of the item to a manufacturer,

12.  The method of cuiting the protective foam material with a laser to
match a predetermined tracing of an item as set forth in claim 11 further comprising the
step of altering the forwarded outline of the item to reduce the complexity of a geometric
shape defined by the outline.

13.  The method of cutting the protective foam material with a laser to
match a predetermined tracing of an item as set forth in claim 12 further comprising the
steps of reducing the complexity of the geometric shape defined by replacing a plurality

of sides of the outline with a single linear best fit line.

14,  The method of cutting the protective foam material with a laser to
match a predetermined tracing of an item as set forth in claim 11 further comprising the
steps of extending the best fit line between two non-adjacent corners of the outline to

replace at least two intersecting sides of the geometric shape.

15.  The method of cutting the protective foam material with a laser to
match a predetermined tracing of an item as set forth in claim 13 further comprising the

step of maintaining any outermost corners of the geometric shape in the outline.

16. A foam material for receiving an item in at least one cut-out in the

foam, the cut-out formed according to the steps of:

cutting the foam material with a laser to match a predetermined tracing of

the item;

18



inputting the predetermined tracing into a computer memory connected

with a laser controller;

selecting a desired thickness of protective foam material as defined
between a front surface and rear surface of the foam material into which the

predetermined design template is to be cut with the laser;

selecting a mirror power for the laser which defines a focal point of the

laser at a desired distance from the laser along a beam axis;

arranging the focal point of the laser at an intermediate point between the

front surface and the rear surface of the foam material; and

energizing the laser to cut the predetermined design template into the

protective foam material.

17.  The foam material of claim 16, for receiving an item in at least one
cut-out in the foam, the cut-out formed according to the further steps of providing
instructions to an end user to trace an outline of the item to be projected on a sheet of
paper, and to forward the outline of the item and at least one of a height and thickness

value of the item to a manufacturer.

18.  The foam material of claim 17, for receiving an item in at least one
cut-out in the foam, the cut-out formed according to the further steps of altering the
forwarded outline of the item to reduce the complexity of a geometric shape defined by

the outline.

19. The foam material of claim 18, for receiving an item in at least one
cut-out in the foam, the cut-out formed according to the further steps of reducing the
complexity of the geometric shape defined by replacing a plurality of sides of the outline

with a single linear best fit line.
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10

ABSTRACT
A method and apparatus for fabricating a foam container by using a laser cutting
apparatus to precisely cut and remove portions of foam in order to form custom and
predetermined text, indentations and protective compartments in the foam, and more particularly
a method of controlling the laser relative to high density foam to create precise cuts completely
through the foam without subsequently adjusting the focal point of the laser, the cuts being made
according to exterior dimensions of an object to be supported and protected in the high density

foam.

20






)

ol

(o]

<<

™l

4B

Fig. 1A



Z b4

1HOI
¥ISYTHIMOd
ONIHSNINIC -
— INIOd
3 qvo04
p
} 1H9N
S y3sw
£l

¢l



¥ "Bi4

8l
— 1INIOd
d
ez IIII“HWOA///
] A - |
\ ﬂ/ :
e FrA 1H9N oL
d3asvl

[45

¢ B4

8l

wi

[#4

¢l

LNIOd
Wo04

LHOIN
H3sv

0l









©
=2
i



6 B4

¥3SN O1 WO
60l ) 1n0-LND Q3HSINIA AN3S
N

VIRALYN WVYO4 3HL NI S1NO-LND
101 \|~\\ WYO4 O1 31V1dNTL SV V1IVd ONIOVHL 38N OL
3OIAIA ONILLND HASYT SLONYLSNI HOAIZOTY

/

AHOWIW ¥3LNdWOD
U OLNI V1VQ ONIOVYL a3131A0N
S0L U0 ONIDVHL SLNdNI HOAIZDTIY

HOAIFO3Y OL H1vd
€L~ Z-T ONIDOVHL S31ddNS ¥3asn
N

¥3SN IHL OL SNOILONHLSNI
o L ONIOVHL LNISIAdd




oL B4

HOAIFOTY O1 NOILVWHOANI ¥3H1O
ANV VLVQA ONIOYHL NHNLIY HOAIZOIYH 1
A 03LINISTHd WHOL H3AHO FHV4IHd

4

W31l LNJ¥34dId
HOV3 4O 30V 31140¥d JAISNI SLNO |
=LND 40 ¥3IGNNN ANV LHOI3H J1VOIANI

SN31l 40 138 10H OL AYVYSS3D3AN
S1NO-LND 40 J3dWNN ININY3130

-1

I

W31l 40 1HOIFH INIWY313A -

/]

SW31l 0 I740Hd ONIOVHL
7

H3dVd NO SIN31] 40 LNJWNDITV
ANV LNJANIONVHEY O14103dS

-1

/A

JOOL ONIMYHJ ANY d3dVYd ONIGNTIONI \\)

SLINIWITdINI ONIOVHL NIVLi80

¥3dVd NO AIONVHNY \\J



121

g ug

Lol el g d o bbbt

¥ £ 2

S

122
129
127
123 128
h:]

oo bbbl

L

* @T9N NOA SV SADVd ISTHL 40 ANVIN 8V ENTHd
ASVATd 'GFAN NOA ANVH MOH ANY TIQOW HOVE 0 LHDIIH THL IdNTINI NOA
IVHL TNS TIVIA 'STIA0W 4N0A TTV IDVHL 01 3DV4 MINVTH STHL 80 I5¥YT1d

YTIWNN INOHd DNINTAT ANV JWLLAYA ¥ ZA0TINTWHOL SIHL AQ SNOLLDAS TV .LNO Tl 35VATd

WU04 41040 WOLSRI

Fig. 11



121

i uip

[FESRS NIRRT A TUNTITINNETI INATINITT]

¥ € z

129(0)

S

oo b b b g

131 S
127())

I3

“dTIN NOA SV SADVA ISTHE 30 ANV SV LNIMd
ISYITd 'dIIN NOA ANVIN MOH ANV THAOW HOVE 10 LHDITH HHL FANTINI N0A
LYHL TdNS TAVA "STIAOW ¥NOX TIV IDVHL OL 9DVI ANVTH SIHL 350 ISVTId

HIFWNN ANOHJ DNINGAT ONY INILAVA ¥ A0TINT 'WE 04 STHL 40 SNOILDEs T1V LNO TIid 35vaTd

W40 53040 WOLSND

Fig. 12(a)



121

o —
53
—
- -
— -\ -
™ e A -
V\A - \ -]
P \ 3
- A -
- . W —
- s Y .
< o O ’ -
A [ag] ? —_
hY ~ .
7 -
A | ’ 3
\ ! -
- 7
- F)
e /
- ~ 7
1” f" T~
- - @
r -7
i -
I g

131
a

bl s biasbaroalireg

I3

" JTIN NOA SV 51DV HSTHL 40 ANVI SV INTHd
ASYId "QJUN NOL ANVIK MOH ANV TIAQOW HOVE JO LHDIEH JHL 400N TONI NOA
LYHL THNS DIV 'STIAOW ¥NOA TTV IDVIL OL 3DYd MNVYTE SIHL 380 ISYI'Id

YFIWNN INCHJ ONINIAZ ANV TWILLAYD ¥ HONTINI WHOE SIHL 90 SNOLLDIS TTVY LNO TTI3 5vETd

WHO04 U040 NOLSNY

Fig. 12(b)



¢L "bi-

6vl

eoL — | IVRIFLYW
“Lr wvod AV ..
¥ITIONLNOD N
154
y N
AN} P VLY
gl | ndo — ONIOVAL
\\T J | aaiicow
iyl E
e | VD Lyl

114



