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STRAP WITH IMPROVED COLUMN STIFFNESS

FIELD OF THE DISCLOSURE

[0002]  The present disclosure relates to strapping material. More particularly, the present
disclosure relates to a strap, such as a plastic strap, formed with a compressed or crush region,
about which the strap can be folded or bent to increase a column stiffness ot the strap. Such a

strap is particularly useful for automated strapping machines (or “strappers”).

"
BACKGROUND

[0003]  Strapping machines or strappers are in widespread use for securing bands of plastic

strap around loads. One type of known strapper includes a strapping head and drive mechanism

mounted within a frame. A chute is mounted to the frame through which strapping material 1s

fed. The chute includes an assembly for guiding and retaining the strap in the chute so that the

strap cannot fall or be pulled inwardly against the load until after a loop of strap has been tormed

around the load.

[0004]  The chute is typically constructed in a shape and size suitable to surround and
accommodate various shapes and sizes of loads to be strapped. For example, the chute may be
generally constructed in a rectangular or square shape since typical loads to be strapped share
such a general shape. In one example, the strap guiding and retaining assembly functions to
initially maintain the strap in the largest possible loop configuration and to permit the strap to be

fed around the load without impinging upon or snagging within the chute.

[0005]  Prior art chute designs generally employ modular chute components, which are

assembled to form the desired chute size and shape. For square and rectangular chutes, the
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chutes generally include horizontal and vertical chute sections, which are often supported by
support beams and connected by corner assemblies. The chute typically is enclosed by a strap
retaining and release mechanism of a type well known in the art. It will be appreciated that as

loads become larger, so too does the size of the chute to accommodate such larger loads.

[0006] In one known strapper, the chute is mounted proximate a work surface and the
strapping head 1s mounted below the work surface to a horizontal portion of the chute. The drive
mechanism 1s also mounted below the work surface proximate the strapping head. In the present
example, the drive mechanism urges or feeds the strap through the strapping head and into and
around the chute until the strap material returns to the strapping head to form a loop around the
load. Essentially, the strap is pushed through the chute by the drive mechanism. After the strap
loop has been formed, tension is applied to the strap to constrict the strap loop about the load,
and overlapping strap ends are secured by conventional means to create a sealed, tensioned loop

around the load.

[0007]  Generally, there has been a trend to decrease the thickness of the strap. This trend
may be due, 1n part, to the finding that thinner i‘traps (lesser strap gauges) can be used to
ettectively strap or bundle loads at a lower strap material cost. However, as strap gauge is
reduced, the stiffness of the strap is also reduced. This results in strap that may be difficult to

push or teed through the strap chute and a greater potential for strap misfeeds, such as short feeds

and the like.

[0008] To help prevent such misfeeds, it is generally desirable that the strap material exhibit
a degree of longitudinal or column stiffness, such that a leading edge of the strap remains
gencrally parallel to the direction of travel (e.g., the strap does not bow or sag downward or
inward to an unacceptable degree when traversing along portions of the chute). A degree of
column stiffness is also desired such that the strap resists curling, twisting, snagging, or bunching
as the strap travels through the chute. However, known straps exhibit only moderate levels of
column stiffness due to inherent physfincnal properties of the materials used to form such straps,

and the desire to manufacture such straps with minimal thickness and weight.

[0009] One example of a strap having improved column stiffness is formed by creating one
or more longitudinal ribs in the strap. Such a strap is disclosed in Pearson et al. U.S. Publication

No. 2008/0201911, which may be referred to for details. While the ribbed strap of Pearson

.
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has been shown to exhibit increased column stiffness, in such ribbed strap, the rib formation is
made upon fabrication of the strap, which can increase strap fabrication costs and may increase

the size of a spool around which the strap is coiled for an equivalent length of flat strap.

[0010] Accordingly, there is a need for a strap with enhanced column stiffness that resists
snagging or bunching during travel around the chute of a strapper. Desirably, such a strap would
not increase the amount of material required for an equivalent length strap. Also desirably, such
a strap is provided in a flat form so as to not increase the spool size for an equivalent length of

flat strap or to decrease the total length of strap supplied on typical spool sizes.

BRIEF SUMMARY

[0011] Various embodiments of the present disclosure provide a plastic strap with increased
column stiffness. The strap has a leading edge and a trailing edge forming a length of the strap, a
first outer edge and second outer edge defining a width of the strap, and a first side and a second
side defining a thickness of the strap. A crush fegion 1s formed in the first or second side,
between and generally parallel to the first and second outer edges. The crush region 1s detined
by a thickness that is less than the thickness of the strap adjacent to the crush region. Further, the
crush region forms a line along which a bend may be formed in the strap. The bend increases the

column stiffness of the strap at least about 67 percent and up to about 1000 percent of a

comparable flat strap. The bend defines a first angle greater than 180 ° and a second angle less

‘than 180° in the strap as viewed in cross-section. The bend may also define first and second non-

coplanar, longitudinally extending sections.

[0012] Still other embodiments of the present disclosure provide a method of forming a strap
having increased column stiffness that includes the step of forming a strap having a leading edge
and a trailing edge forming a length of the strap, a first outer edge and second outer edge
defining a width of the strap, and a first side and a second side defining a thickness of the strap.
The method further includes the step of crushing a region in the first or second side, between and
cenerally parallel to the first and second outer edges, the crush region defined by a thickness that
is less than the thickness of the strap adjacent to the crush region, the crush region forming a line

along which a bend is formable in the strap to increase a column stiffness of the strap at least

(2
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about 67 percent over that of a comparable flat strap, wherein the bend, when formed, defines
an acute angle and an obtuse angle in the strap as viewed in cross-section.

[0013] In this manner, the present disclosure provides a strap with improved column strength
and without increased material cost. The strap also can be provided in a flat form to not increase
the spool sizes for an equivalent length of flat strap or to not decrease the total length of strap
supplied on typical spool sizes. Further, the strap tends to exhibit less coil memory or curl as
the strap 1s dispensed from a spool and enters a strapping machine, as compared to known straps.
[0013A] In one broad aspect, the invention pertains to a non-perforated strap having increased
column stiffness comprising a leading edge and a trailing edge forming a length of the strap, a
first outer edge and second outer edge defining a width of the spray, a first side and a second side
defining a thickness of the strap, and a crush region formed in the first or second side, between
and generally parallel to the first and second outer edges. The crush region is defined by a
thickness that 1s less than the thickness of the strap adjacent to the crush region. The crush
region forms a continuous line along which a bend is formed in the strap for increasing a column
stiffness of the strap. The bend defines a first angle greater than 180 degrees and a second angle
less than 180 degrees in the strap as viewed in cross-section. The non-perforated strap is
configured to be disposed about a load, tensioned and sealed and the crush region is present at
the second angle. |

[0013B] In a further aspect, the invention provides a non-perforated strap having increased
column stiffness comprising a leading edge and a trailing edge forming a length of the strap, a
first outer edge and second outer edge defining a width of the strap, a first side and a second side
defining a thickness of the strap, and a crush region formed in the first or second side, between
and generally paraliel to the first and second outer edges. The crush region is defined by a

thickness that is less than the thickness of the strap adjacent to the crush region, the crush region

forming a continuous line along which a bend is formed in the strap for increasing a column
stiffness of the strap. The bend defines a first angle greater than 180 degrees and a second angle
for 120 to 170 degrees 1n the strap as viewed in cross-section. The bend defines first and second
non-coplanar, longitudinally extending sections, and the non-perforated strap is configured to be
disposed about a load, tensioned and sealed.

0013C] In a still further aspegty: the invention comprehends a method of forming a strap having

increased column stiffness and 1s configured to be disposed about a load tensioned and sealed,

comprising forming a non-perforated strap having a leading edge and a trailing edge forming a
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length of the strap. A first outer edge and second outer edge define a width of the strap, and a
first side and a second side define a thickness of the strap. The method also provides for
crushing a region in the first or second side, between and generally parallel to the first and
second outer edges. The crush is defined by a thickness that 1s less than the thickness of the strap
adjacent to the crush region. The crush region forms a continuous line along which a bend is
formed in the strap to increase a column stiffness of the strap, and the bend, when formed,
defines a first angle greater than 180 degrees and a second angle from 120 degrees to 170 degrees
in the strap as viewed In cross-section. The strap is bent along the crush region such that the
strap forms first and second non-coplanar longitudinally extending sections, and the first and
second sections formed by the bend are planar sections, respectively.

[0014]  Other aspects, features, and advantages of the disclosure will be apparent from the
following description, taken in conjunction with the accompanying sheets of drawings, wherein

like numerals refer to like parts, elements, components, steps, and processes.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG. 1 is an isometric illustration of a section of strap with increased column stiffness
in accordance with an embodiment of the present disclosure, the strap shown with a crush region
on an obtuse angle of the strap;

[0016] FIG. 2 is a plan view of the strap of FIG. 1;

10017] FIG. 3 is a cross-sectional view of the strap of FIG. 1 in a flat form, taken generally
along lines 3-3 of FIG. 2;

{0018] FIG. 4 is a sectional view of the strap of FIG. 1, similar to FIG. 3, with the strap bent
in a first direction and having the crush region at the obtuse angle, similar to FIG. 1;

[0019] FIG. 5 is a sectional view of the strap of FIG. 1, similar to FIG. 3, with the strap bent
in a second direction and having the crush region at an acute angle thereof;

[0020] FIG. 6 is a graphical representation of the results of column stiffness testing for a strap
formed with a crush region at a 3 inch span test;

[0021] FIG. 7 is a graphical ra;resentation of the results of column stiffness testing for a strap
formed with a crush region at a 2 inch span test; and

[0022] FIG. 8 is a graphical representation of the results of column stiffness testing for a strap

with a crush region compared to a strap formed with a ribbed region.

4a
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DETAILED DESCRIPTION

[0023] While the present disclosure 1s susceptible of embodiment 1in various forms, there 1s
shown 1n the drawings and will hereinafter be described one or more embodiments with the
understanding that the present disclosure 1s to be considered illustrative only and 1s not intended
to limit the disclosure to any specific embodiment described or illustrated. The words “a” or
“an” are to be taken to include both the singular and the plural. Conversely, any reference to

plural items shall, where appropriate, include the singular.

[0024] Referring now to the figures and in particular to FIG. 1, there 1s shown a strap 10 with
improved column stiffness in accordance with an embodiment of the present disclosure. The
strap 10 1s a generally thin, rectangular strip of tflexible plastic material configured to be disposed
about a load, tensioned, and sealed. The composition of the strap 10 can be, for example, a
polyester strap that may be fabricated from recycled materials, such as ITW Signode TENAX®
brand 1612 strap commercially available from ITW Signode of Glenview, Illinois. The
TENAX® 1612 strap is a polyethylene terephthalate (“PET”) strap having a width of about 3/8
inch (about 9 mm) and an average strength of about 250 Ibs (about 1100 N). Such a strap 1s

strong and flexible, but also lightweight to increase minimally the overall weight of a strapped

load.

[0025] The strap 10 may be formed in a flat sheet form, slit or cut to a desired width, and
rolled onto coils for dispensing as needed, in any known manner. The strap 10 has a leading
edge L and a trailing edge T forming a length G of strap 10. It should be understood that the
length Gg of strap 10 may vary depending upon the size of the load to the strapped. The strap 10
defines a first outer edge E; and a second outer edge E, forming a width W, of the strap 10. It
should be understood that although a width (e.g., about 3/8 inch) is provided for reterence, the
width W of the strap may vary depending upon the specific load to be strapped and the desired
strength of the strap, and further that such variations 1in width are within the scope and spirit of

the present disclosure.

[0026] The strap 10 also has an upper surface 12 and a lower surface 14 that define a
thickness Tjo of the strap 10. Again, although a thickness (e.g., about 12 mils) 1s provided for

reference, 1t will be understood that the thickness Ty of the strap 10 may vary depending upon
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the specific load that is to be strapped and the desired strength of the strap, and further that such

variations in thickness are within the scope and spirit of the present disclosure.

[0027] The strap 10 is formed with a central, longitudinal crease 10, which 1s also viewed as
a crush or compressed region, indicated generally at 18. The crush region I8 provides a
Jongitudinal line along which the strap 10 can be folded or bent, as indicated generally at 20 1n
FIG. 1, to increase the column or longitudinal stiffness of the strap. In accordance with one
example, the crush region 18 is made to a depth Dg of about I mil to about 5 muils. In
accordance with another example, the crush region 18 is made to a depth Djg of about 2 mils to

about 3.5 mils. It has been found that forming the crush region 18 tends to widen the strap 10 by

about 3 to 4 mils, but that such increase in the width W, does not adversely affect use of the

strap 10 in known strapping machines.

[0028] It is contemplated that the crush region 18 can be formed as the strap 10 1s formed or
fabricated. It is further contemplated that the bend or fold 20 in the strap 10 can be tormed prior
to use, for example, before the strap is fed through a chute of a strapping machine. Such
formation of the bend 20 may be accomplished by a device or assembly adjacent to or part of a
strap dispenser of the strapping machine, as would Le apparent to one of ordinary skill in the art.
It is also contemplated that the bend 20 can be formed during formation or fabrication of the

strap 10 in any manner recognized by those skilled 1n the art.

[0029] In the illustrated strap 10 of FIGS. 1 and 4, the strap 1s bent 1n a first direction so that

the crush region 18 is disposed on an exterior portion 22 or a first angle of the strap greater than
180 degrees and a second angle less than 180 degrees in the strap as viewed in cross-section.
In FIG. 5, the strap is bent in a second direction to that a crush region 18 is disposed on an

interior portion 24 or a second angle of the strap from 120 to 170 degrees in the strap as viewed

in cross-section. The configurations of FIGS. 1, 4, and 5 each function well to affect the

increased column stiffness in the strap 10.

[0030] In accordance with one example, the bend 20 may be formed at an angle a that 1s less
than 180 degrees (flat strap) and up 't&:)‘about 110 degrees. In accordance with another example,
the angle « may be about 110 degrees to about 170 degrees. When bent, the strap 10 defines two
non-coplanar sections 26, 28 of the strap S (on either side of the bend 20). In the tllustrated strap

10, the sections 26, 28 are each planar, although not necessarily planar relative to each other.

[0031] It has been found that there 1s a correspondence between the depth or angle of the

bend 20 and increases in column stiffness of the strap 10. More particularly, a test device was
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constructed to measure a force, 1n grams, at which a longitudinally oriented length of strap would
bend or bow. Samples of strap 10, such as TENAX® brand 1612 strap with a thickness T;g of
about 12 mils, were folded at various angles o between and including about 180 degrees (flat
strap) and about 110 degrees and tested in the device. Tests were conducted with the samples of
strap 10 held and the force applied at about 2.0 inches from where the strap 10 was held and at
about 3.0 inches from where the strap 10 was held. These parameters were used to demonstrate
that increases in column strength were exhibited by longer lengths of strap 10. The results of the
tests are shown 1n Tables 1 and 2 below for the 3.0 inch and 2.0 inch spans, respectively, and are

shown graphically in FIGS. 6 and 7, respectively.

Sample No. Angular displacement | Force (in grams) to | Percent Increase over
(1n degrees) bending flat (130 degree) strap

1 180 110 0

2 170 350 218.2

3 160 470 327.3

4 150 720 5354.5

S 140 954 767.3

6 130 1249 1035.5

7 110 1194 985.5

TABLE 1 — FORCE REQUIRED TO BEND STIFFENED STRAP WITH LONGITUDINAL

BEND AT VARIOUS ANGLES, WITH STRAP SECURED AT 3 INCH SPAN

Sample No. Angular displacement | Force (in grams) to | Percent Increase over
(1n degrees) bending flat (180 degree) strap

3 180 276 0

9 170 462 67.4

10 160 1094 296.4

11 150 1340 385.5

12 140 1713 520.7

13 130 1918 594.9

14 110 2200 697.1
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TABLE 2 — FORCE REQUIRED TO BEND STIFFENED STRAP WITH LONGITUDINAL
BEND AT VARIOUS ANGLES, WITH STRAP SECURED AT 2 INCH SPAN

[0032] As can be seen from the results of Tables 1 and 2, there 1s a marked increase 1n
column stiffness by forming just a slight bend, e.g., a 10 degree bend from 180 degrees to 170
degrees, as compared to the flat strap. In strap sections secured at the 3 inch and 2 inch spans,
the 170 degree strap showed increases of 218.2 and 67.4 percent, respectively, over the flat strap.
At 160 degrees, the increases were 327.3 and 296.4, respectively; at 150 degrees, the increases
were 554.5 and 385.5, respectively; at 140 degrees, the increases were 767.3 and 520.7,
respectively; at 130 degrees, the increases were 1035.3 and 594.9, respectively; and at 110

degrees, the increases were 985.5 and 697.1, respectively.

[0033] The increases at even a slight bend of 10 degrees to 170 degrees were quite
significant and showed a drastic, 1if not unexpected, increase with a slightly greater bend of 20
degrees to 160 degrees. It has also been found that even with these bends of up to about 110
degrees, the strap 10 of the present disclosure 1s still easily fed through the chutes, driving
mechanisms, strapping heads, and other components and assemblies of known strapping

machines without undue force and/or adverse consequences.

[0034] Further, 1t will be appreciated by those skilled in the art that typical strap tends to
exhibit some coil memory from being wound about a spool. Consequently, known strapping
may curl as it 1s dispensed from a spool and fed through the strap chute of a strapping machine

and cause misteeds. The strap 10 of the present disclosure tends to exhibit less coil memory or

curl as 1t 1s dispensed from a spool and enters the strapping machine.

[0035] A comparison of the present strap 10 was also made to strap formed with a rib, such
as the strap disclosed in the Pearson publication discussed above. The results of the comparison
are shown graphically in FIG. 8 relative to the 3.0 inch span test results. The rib was tformed to a
ogiven peaked height or gauge that represents the height of the rib from the base of the strap.
More particularly, the ribbed straps included peaked gauges of about 0.012 inches (a flat strap
without any rib), about 0.016 inches, about 0.022 inches, and about 0.028 inches. The strap with
the peaked gauge of about 0.028 inches more than doubled the effective thickness of the original
strap, which had a thickness of about 0.012 inches. As can be seen in FIG. 8, the strap 10 of the

present disclosure can be bent with various angles to provide significantly greater column
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stiffness than known ribbed straps, which also have a greater flat strap thickness than the flat

strap thickness T of the presently disclosed strap 10.

[0036] Although the present disclosure presents strap 10 having a single longitudinal bend 20
(thus generally forming a V-shape), other shapes, such as double bends (forming a W-shape) are

contemplated and are within the scope and spirit of the present disclosure.

[0037] Numerous modifications to the present disclosure will be apparent to those skilled 1n
the art in view of the foregoing description. Accordingly, this description 1s to be construed as
illustrative only and 1s presented for the purpose of enabling those skilled in the art to make and
use the invention and to teach the best mode of carrying out same. The exclusive rights to all

modifications which come within the scope of the appended claims are reserved.
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WHAT IS CLAIMED I8:

1. A non-perforated strap having increased column stiffness comprising:
a leading edge and a trailing edge forming a length of the strap;

a first outer edge and second outer edge defining a width of the strap;

a first side and a second side defining a thickness of the strap; and

a crush region formed in the first or second side, between and generally parallel to the
first and second outer edges, the crush region defined by a thickness that 1s less than the
thickness of the strap adjacent to the crush region, the crush region forming a continuous line
along which a bend 1s formed 1n the strap for increasing a column stiffness of the strap, the bend

defining a first angle greater than 180 degrees and a second angle less than 180 degrees in the

strap as viewed In cross-section,

wherein the non-perforated strap is configured to be disposed about a load, tensioned and

sealed and the crush region 1s present at the second angle.

2. The strap in accordance with claim 1 wherein the second angle 1s about 110 degrees to

about 180 degrees, exclusive of 180 degrees, and the strap 1s a plastic strap.

3. The strap in accordance with claim 2 wherein the second angle 1s about 110 degrees to

about 175 degrees.

4. The strap in accordance with claim 3 wherein the second angle is about 120 degrees to

about 170 degrees.

5. The strap 1n accordance with claim 1 wherein the crush region has a thickness that 1s

about 76 percent to about 88 percent of the strap thickness adjacent to the crush region.

6. A non-perforated strap having increased column stiffness comprising:

a leading edge and a trailing edge forming a length of the strap;

10
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a first outer edge and second outer edge defining a width of the strap;

a first side and a second slide defining a thickness of the strap; and,

a crush region formed in the first or second side, between and generally parallel to the
first and second outer edges, the crush region defined by a thickness that 1s less than the
thickness of the strap adjacent to the crush region, the crush region forming a continuous line
along which a bend is formed in the strap for increasing a column stiffness of the strap, the bend
defining a first angle greater than 180 degrees and a second angle from 120 to 170 degrees 1n
the strap as viewed in cross-section, wherein the bend defines first and second non-coplanar,

longitudinally extending sections, and wherein the non-perforated strap 1s configured to be

disposed about a load, tensioned and sealed.

7. The strap in accordance with claim 6 wherein the first and second sections defined by

the bend are planar.

8. The strap in accordance with claim 6 wherein the crush region has a thickness that 1s

about 76 percent to about 88 percent of the strap thickness adjacent to the crush region.

9. The strap in accordance with claim 6 wherein the crush region 1s present at the second

angle.

10.  The strap in accordance with claim 6 wherein the crush region 1s present at the first

angle.

11. A method of forming a strap having increased column stiffness and 1s configured to be

disposed about a load, tensioned and sealed, comprising:

forming a non-perforated strap having a leading edge and a trailing edge forming a length
of the strap, a first outer edge and second outer edge defining a width of the strap, and a first

side and a second side defining a thickness of the strap;

11
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crushing a region in the first or second side, between and generally parallel to the first

and second outer edges, the crush defined by a thickness that is less than the thickness of the

strap adjacent to the crush region, the crush region forming a continuous line along which a bend
is formed in the strap to increase a column stiffness of the strap, wherein the bend, when
formed, defines a first angle greater than 180 degrees and a second angle from 120 degrees to
170 degrees in the strap as viewed in cross-section; and

bending the strap along the crush region such that the strap forms first and second non-

coplanar longitudinally extending sections, wherein the first and second sections formed by the

bend are planar sections, respectively.
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