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ABSTRACT

A hollow core sheet having a plurality of channels and at least one bendable reinforcement rod adapted
in width and thickness to a given channel dimensions for insertion inside a channel wherein the method
of insertion consists in the steps of having the at least one bendable reinforcement rod having either or
both of the width or the thickness having an outer dimension (OD) set between 0.50 0.75 of the given

dimension of the channel with a variation of 5%.

CA 3076111 2020-03-18



System and method for bending a hollow core sheet using rods

BACKGROUND OF THE INVENTION

1. Field of the Invention

[1] The present invention relates generally to hollow core corrugated sheets made of plastic such
as polypropylene (PP) or polyethylene (PE), but more particularly to a system and method of
reinforcing those sheets so that rigid shapes and angles can be imparted to them so as to make

various products thereof.

2. Description of Related Art

[2] Hollow core sheets, also known as corrugated sheets have a hollow space between two bonded
panels kept spaced apart by way of a plurality of ribs made out of the same material. The
manufacturing process is generally by way of extrusion and the ribs create a plurality of co-
joined channels which are hollow. So, the sheet, in volume, is made mostly of hollow space,
hence the name "hollow core sheet”. The thickness of the sheet, do to its hollow core, gives it
strength, and the plastic gives it a long life. The channels can be triangular shaped like sine
waves, such as commonly seen in corrugated carton boxes. In some instances, some cardboard
or plastic corrugated materials have only one sheet bonded to a sine wave corrugated sheet. See

fig. 5 for examples.

[3] Hollow core sheets are used for making a wide range of products from packaging, advertising

signage, stationery, shock resistant boxes etc. At the moment, hollow core sheets have
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limitations on their applications due to the limitations of their strength and malleability. There
hence exists a need for strengthening hollow core sheets in order to expand their applications. In
order to understand the specification, one has to know what hollow core plastic sheets are. Fig.

1 is an example of what such sheets look like.

[4] The original hollow core sheets were actually patterned after corrugated cardboard such as the
type used for making corrugated cardboard boxes. But it was soon found that making corrugatéd
plastic sheets the same way corrugated cardboard is made does not make full use of the
properties of plastic. Making hollow core plastic sheets from an extrusion process improved the
properties of hollow core sheets by making well defined channels. Hollow core sheet generally
measure 4 ft by 8 ft and have thicknesses ranging from 1/16 " up to 1/2 ". Channels can be
square or rectangular or have other shapes as disclosed in the specification. Other sizes are of

course possible. Also, those sheets come in many colors and can be transparent or translucent.

[5] A common use of hollow core sheets is in Real Estate signs or election banners put in front

lawns.

[6] Some creative people thought that furniture and various household objects could be made from

that material.

[7] In order to add strength to some of those objects, some people thought of adding steel rods to
make yard sign stakes. There exists different sizes of such rods, depending on the width of the
hollow core sheet but the main intention of using rod inside the channel of the hollow core sheet
for a yard sign, or other uses of hollow core sheets, is to have the rod be equal or larger in size
than the channel it occupies so as to hold the hollow core sheet and the rod together and add
additional structural strength to the hollow core sheet. This maximum use of space by the rod

causes the plastic to stretch, sometimes to the maximum elongation it can take before failure.
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3
[8] It is easy to understand that for some application, inserting one or more metal rod inside the
channels of a hollow core sheet is for reinforcing the structure of the hollow core sheet, but
doing so comes with some drawbacks such as how to prevent the metal rod from slipping or
sliding inside the channel, how to calculate the exact length of the rod so that it does not stick

out from the ends of the plastic sheet, etc. There is therefore need for improvement in that field.
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BRIEF SUMMARY OF THE INVENTION

[9] In view of the foregoing disadvantages inherent in the known devices now present in the prior
art, the present invention, which will be described subsequently in greater detail, is to provide

objects and advantages which are:

[10] To provide for a means of reinforcing hollow core sheets so as to give the possibility of

producing designated shape applications.

[11] It is another advantage of this invention to provide a reinforcement to the hollow core sheet

which eliminates the use of a separate application of adhesive material.

[12] 1t is yet another advantage of this invention to reinforce the hollow core sheet without

subjecting it to heat damage.

[13]  Still another advantage is to provide a low cost process for manufacturing reinforced hollow

core sheets manually or mechanically.

[14] Inorder to do so, the invention comprises a hollow core sheet having a plurality of channels
and at least one bendable reinforcement rod adapted in width and thickness to a given channel
dimensions for insertion inside a channel. The method of insertion consists in the steps of
having the at least one bendable reinforcement rod having either or both of the width or the
thickness having an outer dimension (OD) set approximately between 0.50 and 0.75 of the inner

dimensions of the channel with a variation of + or — 5%.

[15] Ina preferred embodiment, the length of the bendable reinforcement rod to be bent is

directly proportional to the thickness of the sheet and the number of bends required for a
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5
particular shape and is calculated using the formula T x 0.5 x Nb = rrL. wherein “T” is the

thickness of the sheet and “Nb” is the number of bends and “rrL” is the reduced rod length.

[16] Ina preferred embodiment there is a minimum bend angle to stabilize the bendable
reinforcement rod inside the channel wherein the minimum bend angle is calculated using the
formula hyp = L / 2, followed by OP = IW — OD where the opposite side in a right-angle triangle
is OP, the interior width of the channel is IW and the outside dimension of the rod is OD, and the

angle in deis given by Sin x = OP / Hyp and x is then multiplied by 2.
[17] Inyet another preferred embodiment, the reinforcement rod made out of metal.

[18]  Still in another embodiment, more than one bendable reinforcement rod can be inserted into

a given channel.

[19] Still in another embodiment, the bendable reinforcement rod is pushed inside a channel so

that each of its ends is of an equal distance inside the channel.

[20] The system can be implemented by following steps which include: having at least one rod
that is bent to a minimum angle in relation to its length and its relative size ratio to the thickness
of the hollow core sheet, and then is inserted into a channel forming part of a hollow core sheet
so as to prevent sliding within the channel; said at least one rod being calculated as having a
maximum width set between 50 t075% (+ or — 5%) of the internal width of'the channel it is

inserted in when making a bend.

[21] The foregoing and other objects, features, and advantages of this invention will become
more readily apparent from the following detailed descriptions of a preferred embodiment of the
innovation with reference to the accompanying drawings as is shown and described, by way of

examples. As will be realized, the invention is capable of other and different use, and its details
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6
can be modified in various ways, all without departing from the invention. For example, the
invention can come in varying sizes and shapes with variations in the material of the bendable
rod used, sizes, design and assembly of components. Accordingly, the drawings and description

are to be regarded as illustrative in nature, and not as restrictive.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

[22]  Other features and advantages of the present invention will become apparent when the
following detailed description is read in conjunction with the accompanying drawings, in

which:

[23] FIG. 1 is an isometric view of an example of a hollow core sheet, according to an

embodiment of the present invention.
[24] FIG. 2 is an end view of a hollow core sheet with rods of the prior art.
[25] FIG. 3 is an end view of a hollow core sheet with 75% rods

[26] FIG. 4 is an end view of a hollow core sheet with a flat rod set at 50% of the thickness of

the hollow core sheet.
[27] FIG. 5 is a cutaway side views of a variety of possible channel shapes.

[28] FIGS. 6A-B are top and side see through schematic views showing various types of bend

angles.

[29] FIGS. 7A-B are isometric views showing an object having multiple bends.
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[30] FIG. 8 is a schematic view to show the trigonometric calulations to determine the minimum

bend angle to stabilize a rod inside a channel.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

[31] The following description is provided to enable any person skilled in the art to make and use
the invention and sets forth the best modes contemplated by the inventor of carrying out his
invention. Various modifications, however, will remain readily apparent to those skilled in the

art, since the general principles of the present invention have been defined herein.

[32] A hollow core sheet (10) having a bendable reinforcement rod (12) inserted inside a channel
(14) forming part of the hollow core sheet (10). The reinforcement rod (12) is generally made
out of metal for durability and bendability but any material exhibiting the same characteristics
can be used. A given hollow core sheet (10) can of course have more than one rod (12). Rods
(12) can be bent into many shapes and can be of any of a variety of sizes to suit the needs of the
object created. More than one rod (12) can be inserted, depending upon the desired shape and
size the final object happens to be. In some cases, more than one rod (12) can be inserted into a
given channel. Of course, depending upon the dimensions of the channels, the rods (12) are
adapted in width and thickness for the best fit. When an object requires strength, the number of
rods (12) inserted inside the channels (14) can be increased to provide for a higher rod (12)

density.

[33] Ina preferred embodiment, the rods (12) are round, e.g. They have a diameter instead of a

width or height. In such case, the inserted rods (12) have a maximum outside diameter (OD) of
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75% of the internal width (IW) of the channel (14) so that the rod (12) is not forced into the
channel in such a way a to deform or even break the walls of the channel (14), which could
weaken the board when curves or folds are made to create a desired shape. The prior art, as
shown in fig. 1 uses full size rods (8) which means a full 100% OD sized rod which fills the
entire IW of the channel (14). There is no concern for bending issues since the purpose is not to
bend the panel but rather to give it stiffness. Used as is, bending the rod (8) would result in
damaging the channel (14) where the rod(s) is(are) located. The need for a 75% OD will be

further discussed later.

[34]  Another factor to consider is how deep the rod (12) has to be inserted inside a channel (14),
that is deeper than the edge of the channel (14), so that it does not stick out after a bend is made
in the rod (12). To better understand this factor, let's take the example of a pair of pants:
Everyone who has worn pants knows than when one sits down, the pants seem to have either
gone shorter or the legs somehow magically got longer. In fact, none of that has happened, what
really happened is that bending the knees makes the part of the pant legs behind the knees to
fold behind the knees while at the same time stretching the part of the pant set in front of the
knees. Since some of the cloth is stuck behind the knees, the front cloth cannot stretch as
needed, which results in the pant legs creeping up. A similar phenomenon happens when
bending the hollow core sheet (10). The interior side of the bend compresses while the exterior
side of the bend stretches which results in the apparent shortening of the sheet (10) which
makes the rod (10) stick out, unless one inserts the rod (12) slightly deeper inside the channel
(14) so that when it creeps out, it is still inside the channel (14) instead of jutting out of the
sheet (10). Since this phenomenon repeats for each bend, one only has to know how many
bends the final piece and by how much each bend apparently lengthen the rod (or shorten the

sheet) to measure and cut the rod (12) accordingly.
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[35] The inventive matter are thus the formulas to be used in order to do the proper calculations.
How shorter the rod (12) needs to be is calculated relative to the size of the rod (12) that is
inserted within the channel (14), which is directly proportional to the thickness of the sheet (10)

and the number of bends required for a particular shape.

[36] For example: Nb = Number of bends and T = Thickness of the sheet (10).

[37] When many bends are needed to obtain a desired form, it is important to multiply the the
thickness (T) of the sheet (10) by number of bends (Nb) by 0.5 to obtain the reduced rod length

(rrL). The formula is thus:

[38] Tx0.5xNb=rrL

[39] So, for a sheet that is 4mm thick where 3 bends are required, the formula would be:

[40] 4mm X 0.5 x3 = 6mm

[41] For a sheet (10) that is 100mm long, the rod (12) would need to be

[42] 100mm — 6mm (rrL) = 94mm long

[43] That 6mm short should be split evenly between both ends of the channel (14).

[44] To help stabilize the rod (12) inside the channel (14), especially when there is no bend
required and without over stretching the hollow core sheet, a minimum bend angle (20) is
needed to secure the rod (12) inside the channel (14). What this means is that given that it is
recommended to use rods (12) having an OD that is 75% of the IW of the channel (14), one can

clearly understand that there might be an issue with a loose fitting rod sliding out of the channel
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(14). In order to prevent that, a “kink”, otherwise known as the minimum bend angle (20) is

given to the rod (12) so as to prevent sliding out of the rod (12) from the channel (14).

[45] For clarity, the minimum bend angle (20) has been exaggerated in fig. 6A. Also, the figure
shows the bend is made across the width of the sheet (10) but it could also be made across the
thickness of the sheet (10) as per fig. 6B. If we consider that a flat rod (12) is in fact a rod (12)
having a 180 degree angle, by making an arc from point A to point B in figs. 6A-B, The angle
of the rod (12) would be slightly less than 180 degrees. In other words, the rod (12) is not flat
but rather has a small bend that creates friction against the walls (13) of the channel (14) so that

the rod (12) is prevented from sliding out.

[46] How much ofa bend is to be imparted on the rod (12) depends upon the length of the rod
(12). Here is what that means: Looking at fig. 6B, if the rod (12) is 3mm in thickness and the
channel (14) is 4mm high. The rod (12) only requires a Imm rise to create friction at point “M”.
But if the rod (12) is 1mm thick and the channel (14) is still 4mm, the rod (12) needs a 3mm rise
to create contact at point “M”. If in both cases the rod (12) has the same length, the degree of
bend has to be higher in the 1mm than the 3mm rod.(12). So, when the rod (12) has a given
thickness and a given length and is inserted in the channel (14) which has a given height, the rod
(12) requires at least an angle of x degree in bend in order for it to make frictional contact with the
interior side of the channel (14) and prevent it from sliding out. Since there is a minimum degree
angle in order to achieve that, we conveniently call that the minimum bend angle (20) and make it
as a rule that whenever using rods (12) having a given thickness and length that is inserted in a
channel (14) of a given dimension (height or width depending on the orientation of the bend

within the channel (14)), we have a specific minimum bend angle (20).
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[47] For example, if the rod (12) is 3mm thick by 1,000mm long and the channel (14) is 4mm in

height, applying the formula we can get the minimum bend angle (20) of x degrees.
[48] The way it is calculated goes like this:

[49] Fig, 8 shows a bent rod (12) represented by two right-angle triangles co-joined at their
trigonometrically defined opposite sides. The angles “x” are identical and we know the length of
both hypotenuse and the length of the opposite sides. Given that the length “L” of the rod (12) is

1,000mm, that means that from A to M the length is 500mm, and the same for M to B.
[50] Sowedo hyp=L/2to getthe 500mm

[S1] Then we need to know how much of a rise we need. The IW of the channel (14) is 4mm and

the OD of'the rod (12) is 3mm.
[52] Thus we have rise, which is defined by the “opposite side’”” or OP:
[S3} OP=IW-0D
[54] Because the channel has an IW of 4mm and the rod has an OD of 3mm,
[55] we have 4mm —3mm = Imm (OP).

[S6] Now having the measurements for the hypotenuse (hyp) and the rise (OP) we can obtain the
minimum required angle x by applying the trigonometric function of sinus of opposite side over

hypotenuse ( Sin x = OP / Hyp)
[57] Sinx =1/500

[58] ' x=-Sin X 1/500
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[S9] Which gives 0.012 degree for the minimum required angle, rounded up from 0.1145.
[60] Infig. 8 all “x” are the same angle so in order to properly bend the rod, it would in fact be
[61] 2 X 0.12 =0.24 degrees

[62] In order to get the appropriate bend angle. With a much shorter rod (12) length, one quickly
understands that the minimum required angle is more pronounced because the OP hyp ratio is

different.

[63] The determined angle applied to the rod (12) is measured in function of length of the rod

(12) and IW of channel (14).

[64] Fig. 5 shows variations where there is more than one angle bend which results in most of the
rod (12) touching one side of the channel and only points A and B touching the opposite side of

the channel. Also, the “M” point does not need to be in the middle.

[65] Although the invention has been described in considerable detail in language specific to
structural features, it is to be understood that the invention defined in the appended claims is not
necessarily limited to the specific features described. Rather, the specific features are disclosed
as exemplary preferred forms of implementing the claimed invention. Stated otherwise, it is to
be understood that the phraseology and terminology employed herein, as well as the abstract,
are for the purpose of description and should not be regarded as limiting. Therefore, while
exemplary illustrative embodiments of the invention have been described, numerous variations
and alternative embodiments will occur to those skilled in the art. Such variations and alternate
embodiments are contemplated, and can be made without departing from the spirit and scope of

the invention.
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[66] It should further be noted that throughout the entire disclosure, the labels such as left, right,
front, back, top, bottom, forward, reverse, clockwise, counter clockwise, up, down, or other
similar terms such as upper, lower, aft, fore, vertical, horizontal, oblique, proximal, distal,
parallel, perpendicular, transverse, longitudinal, etc. have been used for convenience purposes
only and are not intended to imply any particular fixed direction or orientation. Instead, they
are used to reflect relative locations and/or directions/orientations between various portions of

an object.

[67] Inaddition, reference to “first,” “second,” “third,” and etc. members throughout the
disclosure (and in particular, claims) are not used to show a serial or numerical limitation but

instead are used to distinguish or identify the various members of the group.
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CLAIMS

1. A hollow core sheet having a plurality of channels and at least one bendable
reinforcement rod adapted in width and thickness to a given channel dimensions for
insertion inside a channel wherein the method of insertion consists in the steps of having
the at least one bendable reinforcement rod having either or both of the width or the
thickness having an outer dimension (OD) set between 0.50 0.75 of the given dimension

of the channel with a variation of 5%.

2. The hollow core sheet of claim 1 wherein the length of the bendable reinforcement rod
to be bent is directly proportional to the thickness of the sheet and the number of bends
required for a particular shape and is calculated using the formula T x 0.5 x Nb = rrL
wherein “T” is the thickness of the sheet and “Nb” is the number of bends and “rrL” is

the reduced rod length.

3. The hollow core sheet of claim 1 wherein there is a minimum bend angle to stabilize
the bendable reinforcement rod inside the channel wherein the minimum bend angle is
calculated using the formula hyp = L / 2, followed by OP = IW — OD where the opposite
side in a right-angle triangle is OP, the interior width of the channel is IW and the outside
dimension of the rod is OD, and the angle in deis given by Sin x = OP / Hyp and x is then

multiplied by 2.

4. The hollow core sheet of claim 1 wherein the reinforcement rod is made out of metal.

5. The hollow core sheet of claim 1 wherein more than one bendable reinforcement rod
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can be inserted into a given channel.

6. The hollow core sheet of claim 1 wherein the bendable reinforcement rod is pushed

inside a channel so that each of its ends is of an equal distance inside the channel.
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FIG. 2

FIG. 1

PRIOR ART

CA 3076111 2020-03-18

oD

14



FIG. 3

10

A

FIG. 4

12'

0000000000000000000



FIG. 5

/T

] \VAVAV,
XXX XX]
AVAVA
/20
A~ ¢ _
T A L N
FIG. 6A .A/‘J"“/ >-—\:
a B
FIG. 6B [A= T B

CA 3076111 2020-03-18




. 7A

FIG

nuknhunnn»uuau»%nunul,
A

h\Y

X AN

CA 3076111 2020-03-18



FIG. 8

A T
hyp
W A hyp OP
Y @

CA 3076111 2020-03-18






	Page 1 - COVER_PAGE
	Page 2 - ABSTRACT
	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 - CLAIMS
	Page 17 - CLAIMS
	Page 18 - DRAWINGS
	Page 19 - DRAWINGS
	Page 20 - DRAWINGS
	Page 21 - DRAWINGS
	Page 22 - DRAWINGS
	Page 23 - REPRESENTATIVE_DRAWING

