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A laser cutting tool with protective enclosure assembly for manipulating a workpiece on a movable platen includes a frame, a top
protection assembly, a middle protection shield, a bottom protection assembly and a laser torch head. The top protection
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assembly, middle protection assembly, and bottom protection assembly are removably mounted to the frame such that they form a
cavity enclosing only substantially the laser torch head.



ABSTRACT

A laser cutting tool with protective enclosure assembly for manipulating a
workpiece on a movable platen includes a frame, a top protection assembly, a middle
protection shield, a bottom protection assembly and a laser torch head. The top
protection assembly, middle protection assembly, and bottom protection assembly are
removably mounted to the frame such that they form a cavity enclosing only

substantially the laser torch head.
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PROTECTION SYSTEM FOR LASER CUTTING MACHINE

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application is a continuation-in-part of, and claims the benefit of, U.S.
Application Serial No. 15/905,957, filed on February 27, 2018, which is a continuation-
in-part of U.S. Application Serial No. 15/403,450, filed on January 11, 2017 and which
claims the benefit of U.S. Provisional Application Serial No. 62/277,594, filed on
January 12, 2016, each of the foregoing applications being hereby incorporated by

reference herein in their entireties.

FIELD OF THE INVENTION

[0002] The present invention relates generally to a protection system and more

particularly, to a protection system for a laser cutting machine.

BACKGROUND OF THE INVENTION

[0003] Laser cutting is a technology that uses a laser to cut materials, and is typically
used for industrial manufacturing applications. Laser cutting works by directing the
output of a high-power laser most commonly through optics. A laser cutting machine
features a cutting head generating a laser beam that moves in both of the horizontal
dimensions over a workpiece loading onto a table. The focused laser beam is directed to
the workpiece, part of which is then melted, burns, and vaporizes away. A cut edge

with a high-quality surface finish is therefore created.
[0004] Lasers enclosed in the laser cutting machines are capable of emitting high levels

of energy and can therefore be dangerous to the eyes and skin of its operator. The use of

the laser cutting machine can also impose a number of hazards including toxic gases
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and fumes and inhalable particles. Moreover, the possible random reflection of the laser
light may burn the retina of an operator when the laser initially pierces the workpiece.
Therefore, coupling a protective enclosure apparatus to a laser cutting machine is

essential to the safe operation of the machine.

[0005] Most existing protective enclosures cover the entire laser cutting machine and
thereby form a chamber. This not only results in a bulky machine, but also requires a
pallet shuttle system to be installed onto the laser cutting machine for loading and
unloading the workpiece into the chamber. This solution drives up the financial cost as

well as the operation time of the laser cutting machine.

[0006] There therefore exists a need within the industry for the ability to increase the
effectiveness of a protection system for the laser cutting machine, while avoiding the

abovementioned drawbacks of known protective enclosure apparatuses.

SUMMARY OF THE INVENTION

[0007] With the forgoing concerns and needs in mind, it is the general object of the

present invention to provide a protection system.

[0008] It is another object of the present invention to provide a protection system for a

laser cutting machine.

[0009] It is another object of the present invention to provide a protection system for a
laser cutting machine that permits the operator of the laser cutting machine to directly
load and unload the workpiece onto and off the table without having to wait for the

pallet shuttle to exit a typical protective enclosure apparatus.
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[0010] It is another object of the present invention to provide a protection system for a
laser cutting machine that allows the coil feeding of the workpiece directly onto the
table at a reasonable financial cost.

[0011] It is another object of the present invention to provide a protection system for a
laser cutting machine having a guard surrounding only the laser torch head, which

therefore reduces the overall size of the laser cutting machine.

[0012] It is another object of the present invention to provide a protection system for a

laser cutting machine that minimizes light reflection from the laser torch head.

[0013] These and other objectives of the present invention, and their preferred
embodiments, shall become clear by consideration of the specification, claims and

drawings taken as a whole.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The present invention will be better understood from reading the following
description of non-limiting embodiments, with reference to the attached drawings,

wherein below:

[0015] Figure 1 illustrates a diagram of a prior art laser cutting machine, according to

one embodiment of the present invention.

[0016] Figure 2 illustrate an isomeric, side view of a protection system, according to one

embodiment of the present invention.

[0017] Figure 3 is an enlarged view of the protection system, shown in Figure 2,

according to one embodiment of the present invention.
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[0018] Figure 4 illustrates the protection system of Figures 2 and 3 as a middle
protection screen is detached from the protection system, according to one embodiment

of the present invention.

[0019] Figure 5 illustrates an enlarged sectional view of a top brushes assembly
according to one embodiment of the present invention.
[0020] Figure 6 illustrates an isomeric, side view of a top brushes assembly, according to

one embodiment of the present invention.

[0021] Figure 7 illustrates an isomeric, side view of a bottom brushes assembly,

according to one embodiment of the present invention.

[0022] Figure 8 illustrate an enlarged sectional view of a bottom brushes assembly,

according to one embodiment of the present invention.

[0023] Figure 9 illustrates a cut-away of the top and bottom portions of the protective

enclosure according to one embodiment of the present invention.

[0024] Figure 10 shows an enlarged bottom portion of the protective enclosure,

according to one embodiment of the present invention.

[0025] Figure 10A is an enlarged, detailed cross-sectional view of area 10A of Figure 10.
[0026] Figure 11 illustrates the brush cup assembly as removed from integration with
the lower part of the protective enclosure, according to one embodiment of the present

invention.

[0027] Figure 12 illustrates a safety switch, according to one embodiment of the present

invention.
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[0028] Figure 13 illustrates a close-up sectional view of the bottom protection assembly,

according to one embodiment of the present invention.

[0029] Figure 14 illustrates a non-linear path, according to one embodiment of the

present invention; and

[0030] Figure 15 illustrates a perspective view of the laser head assembly.

[0031] Figure 16 is a perspective view of a laser cutting system according to an

embodiment of the present invention.

[0032] Figure 17 is another perspective view of the laser cutting system of Figure 16.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

[0033] Figure 1 illustrates an isomeric side view of a workpiece manipulation apparatus
having a laser cutting machine, and its protective enclosure apparatus 100. A cutting
laser (not shown) is positioned inside a protective enclosure apparatus 101. A pallet
shuttle 102 locates in close association with the protective enclosure apparatus 101. A
workpiece can be loaded and unloaded onto and off the pallet shuttle 102. The pallet
shuttle 102 then carriers the loaded workpiece, enters into and exits the protective
enclosure apparatus 101 through a protective enclosure apparatus enclosure door 103.
In particular, to load and unload the workpiece to be processed by the laser cutting
machine onto the pallet shuttle 102, the pallet shuttle 102 must exit the protective

enclosure apparatus 101.

[0034] 1t will therefore be readily appreciated that known laser enclosures require

enclosing the totality, or a great degree, of the workpiece manipulation apparatus itself,
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which is both expensive and cumbersome. When the workpiece and (preferably,
movable) platen upon which it is transported are both captured inside the laser
enclosure, as with the known apparatus shown in Figure 1, efficiencies are lost due to
excessive set-up time and expense, as well as making the workpiece and cutting laser
largely inaccessible without undue stoppage and shutdown of the apparatus as a

whole.

[0035] Figure 2 illustrates an isomeric, side view of a protection system 10, according to
one embodiment of the present invention. In particular, Figure 2 illustrates the
protection system 10, as integrated with a laser torch head 80, a bridge 90 for
supporting the laser torch head, and a workpiece 91 being processed. As it will be
appreciated, the laser torch head 80, the bridge 90 and the workpiece 91 are only
partially shown in Figure 2, so as to permit illustration of the protection system itself,
and its preferred placement with respect to the bridge 90, the laser torch head 80 and
the workpiece 91.

[0036] While the present invention is being described in connection with the bridge 90
and the laser torch head 80 shown in Figure 2, it will be readily appreciated by one of
ordinary skill in the art that the present protection system 10 could be integrated into
any laser cutting head, regardless of the specific type of the same, without departing

from the broader aspects of the present invention.

[0037] As most clearly shown in Figure 2, the protection system 10 of the present
invention is moveably mounted to the bridge 90 so as to move therealong. The bridge
90 itself is adapted to move in a direction perpendicular to the moving direction of the
protection system 10, so as to cut the workpiece 91, as desired. Additionally, the
protection system 10 is designed such that the laser cutting head can be mounted on a
motorized actuator inside the protection system 10 allowing the laser cutting head to be

raised or lowered automatically for the purpose of focusing the laser beam or to
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accommodate slight variations in thickness of the material to be cut without affecting
the position or downward force of the brush guard on the material being cut. This

enclosed motorized actuator reduces the risk of accidental exposure of the laser light.

[0038] The protection system 10 includes a frame 11, a top protection assembly 40, a
middle protection shield 20, and a bottom protection assembly 60, thereby forming a
cavity where a laser torch head 80 locates, so as to prevent the escaping of reflected

laser light when the laser torch head 80 cuts the workpiece 91.

[0039] As will be appreciated, and in stark contrast to the enclosure of the apparatus
shown in Figure 1, it is an important aspect of the present invention that it is only the
laser head 80 itself, which is enclosed by top, middle and bottom assemblies, 40, 20 and
60 respectively. Thus, the protection system/enclosure of the present invention does
not extend to the apparatus as a whole, nor does the enclosure encompass the movable

platen upon which the workpiece is arranged.

[0040] Turning now to Figures 3 and 4, in combination, the middle protection shield
assembly 20 of the protection system 10 is illustrated in more detail. A light shield 23 is
a preferably semi-translucent laser safe shield, so as to permit the operator of the laser
cutting machine having a view of the inside of the cavity of the protection system 10,
meanwhile prevents the reflected laser light escaping from the cavity. The light shield
includes a planetary gasket 24. The light shield 23 is removably fixed to the frame 11 via
four interlock switches 22 embedded in the frame 11. In alternative embodiments, the
middle protection shield assembly 20 is mounted on hinges or vertical slides which are
in conjunction with latches, the planetary gasket 24, and safety interlock switches 22, so
as to allow interlocked access to the laser head for maintenance while preventing

exposure of the laser by an operator.
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[0041] In particular, the present invention envisions that the light shield 23 is preferably
a Laservision P5P10 IR fiber laser safety window, for blocking various light rays across
multiple spectrums, although other suitable shielding may be utilized without

departing from the broader aspects of the present invention.

[0042] It should be noted that the light shield 23 must be secured to the frame 11 and
the interlock switches 22 must be in contact with the light shield 23 in order for the laser
torch head 80 to start working. Indeed, the there are several safety switches integrated
with the light shield 23, all of which must be actuated in order for the laser head 80 to

be permitted to operate.

[0043] As shown, Figure 3 illustrates the middle protection shield 20 in an enclosed
position. The light shield 23 is secured onto the frame 11 via four interlock (safety)
switches 22. The interlock switches are in a locked position and therefore permits the
laser torch head 80 to start working. Figure 4, in contrast, illustrates the middle
protection shield 20 in an opened position. The light shield 23 is removed from the
frame 11. The interlock switches trip to an unlocked position upon the detaching of the
light shield 23 from the frame 11. Therefore, the laser torch head 80 is unable to start

working until the light shield 23 is secured to the frame 11 again.

[0044] The frame 11 is preferably welded so as to provide a continuous housing,

thereby preventing radiation from escaping during operation of the laser head 80.

[0045] Figure 5 and 6, in combination, illustrate a sectional view of the top protection

assembly 40. In one preferred embodiment, the top protection assembly 40 includes a
top support cover 41 having an opening, and at least brush assembly 44 positioned to
cover the opening of the top support cover 41. The brush assembly is connected to the

top support cover 41 via a bracket 42.
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[0046] The brush assembly 44 includes one pair of brush holders 45 which are in
connection with the bracket 42, and a pair of brushes 46, each of which comprises a
plurality of brush bristles. One end of the brush 46 is received by the brush holder 45 in
a brush socket. Two brushes in a pair are positioned in an opposite direction at the same
vertical level, so as to permit the other ends of the two brushes to be facing and
contacting each other. Therefore, the brushes assembly 44 prevents the reflected laser
light from escaping the cavity from the top protection assembly 40, meanwhile permits
any electrical cable, light cable or power cable connected to the laser torch head 80 to
pass through the top protection assembly 40 and enter into the cavity. The cables
therefore can move upward and/or downward freely without congesting the top

protection assembly 40.

[0047] It shall be noted that in a preferred embodiment, three layers of the brushes
assembly 44 are arranged vertically and connected to the bracket 42. However, any
number of layers can be used to optimize the protection effect of the top protection

assembly 40.

[0048] The top protection assembly 40 is connected to the frame 11 via two interlock
(safety) switches 48. The two interlock switches 48 are in a locked position and permit
the laser 80 to start working once the top protection assembly 40 is correctly fixed to the
frame. However, if the top protection assembly 40 is removed, the two interlock
switches 48 trip to an unlocked position and therefore prevent the laser torch head 80
from starting. In another embodiment, the top protection assembly 40 may include a
solid assembly with the utilities passing through the guard assembly walls by means of
bulkhead connectors and plugs, so as to enhance safety and/or provide a more tightly
sealed chamber, which can be vented more effectively in the case of unpleasant or toxic

fumes generated during the cutting process.
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[0049] Figure 7 and 8, in combination, illustrate the bottom protection assembly 60. The
bottom protection assembly 60 includes a bottom cover 61 having an opening to permit
the laser torch head 80 extending therethrough and applying the laser light onto the
workpiece 91 via a laser application tip unit 82. The bottom protection assembly 60
further includes a bottom brushes cup assembly 65. The bottom cup assembly 65 is
arranged in a position relative to the opening on the bottom cover 61 so as to permit the

operation of the laser torch head 80 on the workpiece 91.

[0050] The bottom brush cup assembly 65 includes a circular base 62 connected to the
bottom cover 61 via two interlock switches 69. An opening in the center of the circular
base 62 is matched with the opening on the bottom cover to permit the laser torch head
extending therethrough. The circular base 62 has at least one socket in a circular shape
for receiving an array of brushes 66 arranged in the same circular shape surrounding
the central opening on the circular base 62. The brushes 66 are attached to the circular
base 62 on one end, and extend downward with the other end of the brushes 66 directly
contacting the workpiece 91 thereby ensures that the cavity of the protection system 10
is enclosed when the laser torch head 80 is performing cutting function on the

workpiece 91.

[0051] As will be discussed in more detail later, the brushes 66 includes a solid rubber
membrane 67(122) embedded between the bristles 68. It is yet another important aspect
of the present invention that due to the specific use of the brushes 66 and how these
bristles/brushes may be compressed to a degree, i.e., slightly bent, when in contact with
a workpiece, the protection system 10 of the present invention effectively prevents the
reflected laser light from escaping the cavity when the workpiece 91 moves in a vertical

direction sporadically during the laser cutting process for the workpiece 91.

[0052] In one preferred embodiment, two arrays of brushes are arranged and received

in two separate concentric circular sockets locate on the circular base. However, it
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should be noted that any number of array of brushes and the relevant receiving circular
sockets can be arranged, so as to optimize the protection effect of the bottom protection

assembly 60.

[0053] The circular base 62 is connected to the bottom cover 61 via two joints and two
safety interlock switches 69. The two interlock switches 69 are in a locked position and
permit the laser torch light 80 to start working once the bottom brushes cup assembly 65
is correctly fixed to the bottom cover 61. However, if the bottom brushes cup assembly
65 is removed, the two interlock switches 69 trip to an unlocked position and therefore

prevent the laser torch head 80 from starting.

[0054] The safe operation of the laser head 80 is further increased by arranging a senor
(unillustrated) in the area of the base 62, for the purposes of detecting whether a
workpiece is positioned adjacent the laser head 80. If the sensor does not detect a
workpiece in the area adjacent to the laser head 80, the laser head 80 will not be
permitted to operate. Preferably, the laser head 80 will be prevented from operating if
the sensor does not detect a workpiece within approximately 1mm below the laser head
80, although it will be readily appreciated that other distances may be instead utilized

without departing from the broader aspects of the present invention.

[0055] Figure 9 illustrates a cut-away of the top and bottom portions of the protective
enclosure 10. As shown in Figure 9, the light shield 23 and frame 11 interact and are
sized and positioned such that there is an overlap, 100/102, between a raised edge of
the frame 11 and the light shield 23, thus ensuring that extraneous light from the laser

head 80 does not escape the protective enclosure 10.
[0056] Figure 10 shows an enlarged bottom portion of the protective enclosure 10, as

well as a sectional view of one of a pair of spring-loaded bush biasing devices 108. As

illustrated in Figure 10, the bottom brush cup assembly 65 includes an upper mounting
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plate 110, which itself is releasably attached to a base mounting plate 112 that is
operatively attached to the pair of spring-loaded brush biasing devices 108.

[0057] As will be appreciated, the spring-loaded brush biasing devices 108 include
preferably an articulating ball joint 114 and a biasing spring/element 116. The biasing
device 108 thereby act to allow the brush cup assembly 65 and integrated bristles to tilt
freely while being constantly biased downwardly into contact with the workpiece
below, thus accommodating and remaining in tight contact with the workpiece,
regardless of differences or irregularities in the workpieces contour and/ or slope.

The ball joint 114 may comprise a magnetically coupled design to permit the brush
biasing devices 108 to separate cleanly without causing permanent damage to the guard
assembly in the case of a hard collision. The presence of the two safety interlock devices
69 will ensure deactivation of the laser in the case of a collision and subsequent

separation of the ball joint 114.

[0058] As will be appreciated, the brush cup assembly will incur wear during use, and
as such, is a consumable part which must be inspected and replaced from time to time.
For its part, Figure 11 illustrates the brush cup assembly as removed from integration
with the lower part of the protective enclosure. As further shown in Figure 12, a safety
switch 120 may be integrated with the protective enclosure to detect the presence of the
brush cup assembly 65. The safety switch 120 is preferably a compression limit type
switch or coded RFID switch, and is sensitive enough to determine when the bush cup
65 is not engaged or is improperly installed or becomes loose, although other types of
sensors and switches may be utilized for this purpose without departing from the
broader aspects of the present invention. If the safety switch 120 does not detect the
existence and proper installation of the bush cup assembly 65, the laser head 80 would

be prohibited from operation.
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[0059] As discussed previously, the protective enclosure of the present invention
includes many features that make the safe operation of the laser head 80 possible.
Figure 13 illustrates a close-up sectional view of the bottom protection assembly 60. As
shown in Figure 13, and in a preferred embodiment, the bush cup assembly 65 includes
two concentrically aligned brushes/brush rings 66, each of which includes a solid
rubber membrane 122 embedded within each of the concentrically aligned brush rings

66.

[0060] As will be appreciated, the bushes 66 themselves are formed from material, such
as but not limited to rubber, that is both resiliently flexible as well as being able to
maintain structural integrity even in high temperature environments. An interior,
preferably fabric, liner 124 is disposed between the brushes 66 and the laser head 80, in
order to protect the brushes from damage due to operation of the laser head 80. Figure
14 shows the non-linear path 126 that light emanating from the laser head 80 must

follow, in order to escape the protective enclosure of the present invention.

[0061] As discussed previously, one important aspect of the present invention is that the
laser head 80 is much more easily accessible than known devices, and this additional
functionality is shown in Figure 15. As shown in Figure 15, the light shield 23 is
movably mounted to linear guides 128, which allow the light shield 23 to be moved up
or down (to a raised, or lowered, position) for the quick adjustment of, e.g., the focus of
the cutting beam, or the like. A pair of proximity sensors 130 are therefore utilized to
determine if and when the light shield is in its lowered position, and only allows
operation of the laser head 80 if the sensors 130 agree that the light shield is in the

proper, protective (lowered) position.
[0062] As will be appreciated from a review drawing figures 1-15 and their associated

discussion, the present invention has developed a laser cutting apparatus for the

manipulation of workpieces, preferably metal workpieces. However, in contrast to
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known devices, the present invention utilizes a protective enclosure about the laser
head only, thereby leaving the majority of the apparatus open to inspection and
manipulation, as necessary. Moreover, the present invention utilizes a series of
integrated safety switches, any of which can cause the operation of the laser head to be
halted or prohibited, should any of these safety switches indicate an unsafe situation.
These safety switches can of course be integrated with a machine-stop button,

preferably in series, so as to make the operation of the laser head 80 as safe as possible.

[0063] 1t is envisioned that the protection system 10 of the present invention may be
incorporated into a variety of laser cutting systems known in the art. FIGS. 16 and 17
illustrate one such implementation of the protection system 10 with a laser cutting
system 200. As shown therein, the laser cutting system 200 includes a cutting table or
platen 210 having a frame 212 and a plurality of workpiece support elements 214
coupled to the frame for supporting a workpiece, such as workpiece 91. In an
embodiment, the frame 212 may be comprised of a plurality of structural members 213
defining a generally rectangular-shaped frame 212. For example, the structural
members 213 may be formed from steel tubes, although other configurations may be
utilized without departing from the broader aspects of the invention. The table 210 is
preferably a stationary table, although it is envisioned that the system 200 may include
a movable table or platen without departing from the broader aspects of the invention.
In an embodiment, the table 210 may be, for example, any of the cutting tables in the

Vulcan® line of cutting systems offered by Mestek Machinery®.

[0064] As illustrated in Figures 16 and 17, the cutting system 200 may further include
one or more coil stations 216 that receive rolls 218 of material for automated feeding
onto the table 210. While Figures 16 and 17 depict a coil fed system, the system 200 may

alternatively be configured as a sheet fed system.

[0065] As discussed above in connection with the protection system 10, the lasers of

laser cutting machines are capable of emitting high levels of energy and can therefore be
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dangerous to the eyes and skin of its operator, and the random reflection of the laser
light may be hazardous to operators in the vicinity of the machine. The protection
system 10 of the present invention, as discussed above, sufficiently encapsulates the
laser head so as to prevent or substantially minimize the escape of radiation and light
from the laser that could be harmful to persons and structures surrounding the

machine.

[0066] While the protection system 10 described herein substantially prevents the
escape of light and radiation above the workpiece, in any direction, laser light and
energy that passes through the workpiece 91 during the cutting operation is not
encapsulated or captured by the protective enclosure of the protection system 10. In
particular, light from the laser may pass through the workpiece and reflect off of the
frame 212, including the structural members 213 and/ or the support elements 214.
While such light is typically contained beneath the workpiece 91 interior to the frame
212 of the table 210, such reflected light, over time, can damage the structural members
213 and/ or the support elements 214. In addition, in some case, the light may reflect off
of the frame and escape to the surrounding environment where it may be hazardous.
To address this issue, protective sheets or panels 220 may be affixed to some or all of the
structural members 213 of the frame 212, and/ or the workpiece support elements 214.
In the preferred embodiment, the protective panels 220 are mounted to all structural
table members that are located over the effective cutting area. In an embodiment, the
protective panels 220 may be secured to the structural members 213 by rivets, although
other fastening means known in the art may also be utilized without departing from the

broader aspects of the invention.

[0067] The protective panels 220 are preferably formed from a material that provides for
a high degree of light absorption and minimal reflectivity (to absorb light from the laser
head 80 and substantially minimize or prevent reflection). For example, in an

embodiment, the panels 220 are flexible graphite sheets or panels having a thickness
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between about 1/32 inches and about 1/8 inches. In the preferred embodiment, the
flexible graphite sheets have a thickness of approximately 0.060 inches. In one
embodiment, the flexible graphite sheets have a density of approximately 70 1b/{t3, a
maximum service temperature of approximately 850°F, a minimum service temperature
of approximately -330°F, a thermal conductivity (parallel to the surface) of about 1532
BTU-in/hr-ft °F and a thermal conductivity (normal to the surface) of about 48 BTU-
in/hr-ft °F. While flexible graphite sheets have been discovered to provide optimal
laser light absorption, other materials having similar properties and light absorption
characteristics, may also be utilized without departing from the broader aspects of the

invention.

[0068] In use, the flexible graphite panels 220 on the structural members of the system
200, as discussed above, absorb light from the laser during the cutting operation and
does not allow it to reflect. The panels 22 also absorb the energy of the laser beam,
preventing any residual damage to the structural members of the table 210. In a system
incorporating graphite sheets on the structural members of the table, reflectivity of the
laser beam has measured at less than 1% of the allowable light recommended by the
FDA for fiber lasers. Like the minimalist protective enclosure 10, the protective panels
220 do not inhibit free and unobstructed loading and unloading of the workpiece onto
and off the table (with existing systems, an operator would have to wait for the pallet

shuttle to exit a typical protective enclosure apparatus).

[0069] While the embodiments described above disclose the use of protective panels
that are attached to the frame, structural members and/ or other components of the
table to absorb light and energy from the laser (and minimize reflection), it is
envisioned that in some embodiments, the frame, structural members, workpiece
support elements and other components of the table may, themselves, be formed from a
material or materials configured to absorb the laser light and energy and minimize

reflection. In yet other embodiments, rather than utilizing protective panels, a
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protective material may be deposited on the frame, structural members and other
components to increase light absorption and minimize reflection. The protective
material may be for, example, a graphite material that is sprayed on such components.
Alternatively, the material may be formulated as a liquid and the components dipped in

the material or otherwise coated with the material to impart light absorption properties.

[0070] In view of the above, the present invention therefore provides a comprehensive
protection system for a laser cutting machine that contains substantially all of the laser
light and energy, either within protective enclosure 10, or through absorption using
protective panels 220 attached to the frame and/ or structural members of the table 210
supporting the workpiece. Taken together, the protection system of the present
invention therefore provides a level of safety and ease of use heretofore not seen in the

art.

[0071] Although this invention has been shown and described with respect to the
detailed embodiments thereof, it will be understood by those of skill in the art that
various changes may be made and equivalents may be substituted for elements thereof
without departing from the scope of the invention. In addition, modifications may be
made to adapt a particular situation or material to the teachings of the invention
without departing from the essential scope thereof. Therefore, it is intended that the
invention not be limited to the particular embodiments disclosed in the above detailed
description, but that the invention will include all embodiments falling within the scope

of this disclosure.
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WHAT IS CLAIMED IS:

1. A laser cutting system, comprising;:

a table having a plurality of structural members defining a frame configured to
receive a workpiece for a cutting operation;

a laser torch head movable in relation to the table to selectively cut the
workpiece; and

a protective material applied to at least one of the structural members, the
protective material being configured to absorb light and energy from the laser torch

head during the cutting operation.

2. The laser cutting system of claim 1, wherein:

the protective material is a graphite material.

3. The laser cutting system of claim 2, wherein:

the protective material is a flexible sheet of graphite material.

4. The laser cutting system of claim 3, wherein:
the protective material is secured to the at least one of the structural members

using a fastener.
5. The laser cutting system of claim 2, wherein:
the protective material has a thickness between about 1/32 inches and about 1/8

inches.

6. The laser cutting system of claim 5, wherein:

the protective material has a thickness of about 0.060 inches.
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7. The laser cutting system of claim 1, wherein:
the protective material is applied to all structural members that are located over

an effective cutting area of the table.

8. The laser cutting system of claim 1, further comprising:
a laser cutting tool having:
a frame;
a top protection assembly;
a middle protection shield;
a bottom protection assembly;
the laser torch head;
wherein the top protection assembly, the middle protection assembly, and the
bottom protection assembly are removably mounted to the frame; and
wherein the top protection assembly, the middle protection assembly, and the

bottom protection assembly form a cavity enclosing only substantially the laser torch

head.

9. The laser cutting system of claim 8, wherein:
the middle protection shield includes a light shield having a planetary gasket
disposed on an edge of the light shield.

10.  The laser cutting system of claim 9, wherein:
the light shield is a semi-translucent shield permitting an operator of the laser

cutting tool having a view of inside of the cavity.

11. The laser cutting system of claim 8, wherein:
the frame of the laser cutting tool comprises at least one shield interlock switch,
and the middle protection shield is mounted to the frame via its contact with the shield

interlock switch.
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12. The laser cutting system of claim 11, wherein:

the shield interlock switch is in a locked position when the middle protection
shield is mounted to the frame, and is switched to an unlocked position when the
middle protection shield is detached from the frame;

wherein the laser torch head can be activated only if all shield interlock switches

are in the locked position.

13.  The laser cutting system of claim 8, wherein:
the top protection assembly comprises a top cover having a top cover opening;
a top brush assembly; and
wherein the top brush assembly covers the top cover opening, so as to

prevent leaking of any laser light from the cavity.

14. A method of outfitting a laser cutting system with protective elements, the
method comprising steps of:

providing a table having a plurality of structural members defining a frame
configured to receive a workpiece;

applying a protective material to at least one of the structural members, the
protective material being configured to absorb light and energy from a laser torch head

during a cutting operation.

15.  The method according to claim 14, wherein:
the step of applying the protective material includes applying the protective
material to all structural members that are located over an effective cutting area of the

table.

16. The method according to claim 14, wherein:

the protective material is a flexible graphite material.
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17.  The method according to claim 14, further comprising the steps of:

operatively mounting an enclosure frame to a bridge above the table;

removably connecting a top protection assembly to the enclosure frame, so as to
switch at least one top interlock switch into a locked position;

removably connecting a middle protection shield to the enclosure frame, so as to
switch at least one shield interlock switch into a locked position;

removably connecting a bottom protection assembly to the enclosure frame, so as

to switch at least one bottom interlock switch into a locked position.

18.  The method according to claim 17, further comprising the step of:

arranging a laser torch head within a cavity formed by the enclosure frame, the
top protection assembly, the middle protection shield, and the bottom protection
assembly,

wherein the laser torch head can be activated only if all of the top interlock

switch, shield interlock switch, and bottom interlock switch are in locked position.

19. A laser cutting system for manipulating a metal workpiece, comprising:

a platen having a plurality of structural members defining a frame configured to
receive a workpiece for a cutting operation;

a laser torch head movable in relation to the table to selectively cut the
workpiece; and »

a flexible graphite material applied the structural members, the flexible graphite
material being configured to absorb light and energy from the laser torch head during

the cutting operation.
20.  The laser cutting system of claim 19, wherein:

the flexible graphite material is applied to all of the structural members that are

located over an effective cutting area of the platen.

CA 3082647 2020-06-04



(uy Joud)
l "Old

€04

¢0l

CA 3082647 2020-06-04



FIG. 2

CA 3082647 2020-06-04



BN

nl_ﬁ

z\SQ\
Va4

yari

Sy ‘Ill

\\\ @.h

LT

FIG. 3

CA 3082647 2020-06-04



22

24

22

~~~~~

FIG. 4

FIG. 5

CA 3082647 2020-06-04



FIG. 6

66

FIG. 7

CA 3082647 2020-06-04



-62

JNNN

N\N

o T

~67

68

82"

CA 3082647 2020-06-04

68

67~

66"
60—"

FIG. 8



10\

1M1~

—

10"

FIG. 9

CA 3082647 2020-06-04




\
| w10
///\ / {:Tg;“l
L i
| — 12 |

~ N0,/ 10A

s

FIG. 10

RN N . .

~108

116

/114

4
AN NN

FIG. 10A

CA 3082647 2020-06-04



110
@ 65

112

i
= -
FIG. 11

A

Tl Ll

. . N .

ol Lok ddldodemedlondemennedmdln

7

.k

I W N
Voo il o o Lo kot Lot dont o

CA 3082647 2020-06-04

FIG. 12



acl

€l 'Ol

vel

801+~

99

NN

~801

W\(J

CA 3082647 2020-06-04



\/\

/ Wgﬁ
[

A0 LIS
[ No—

/
7
/
7
5

NANANRARNN
4

|

SN NNNANNN

CA 3082647 2020-06-04

FIG. 14



R //128
ik YL
130- A5 | R
<
N
g

FIG. 15

CA 3082647 2020-06-04



Nl it

CA 3082647 2020-06-04



CA 3082647 2020-06-04






	Page 1 - COVER_PAGE
	Page 2 - COVER_PAGE
	Page 3 - ABSTRACT
	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 - CLAIMS
	Page 22 - CLAIMS
	Page 23 - CLAIMS
	Page 24 - CLAIMS
	Page 25 - DRAWINGS
	Page 26 - DRAWINGS
	Page 27 - DRAWINGS
	Page 28 - DRAWINGS
	Page 29 - DRAWINGS
	Page 30 - DRAWINGS
	Page 31 - DRAWINGS
	Page 32 - DRAWINGS
	Page 33 - DRAWINGS
	Page 34 - DRAWINGS
	Page 35 - DRAWINGS
	Page 36 - DRAWINGS
	Page 37 - DRAWINGS
	Page 38 - DRAWINGS
	Page 39 - REPRESENTATIVE_DRAWING

