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Origami Patterns For Diapers

RELATED APPLICATION DATA

[001] This application claims priority to U.S. Provisional Application No.
62/487,371, filed April 19, 2017, and entitled ORIGAMI INSPIRED
INNOVATIONS FOR ADULT DIAPERS, and U.S. Provisional Application No.
62/518,968, filed June 13, 2017, and entitled ORIGAMI INSPIRED INNOVATIONS
FOR SAG PREVENTION, SHAPE CONFORMANCE, AND WICKING
TECHNOLOGIES, of which the entire contents of each are hereby incorporated by

reference in their entirety.

GOVERNMENT RIGHTS

[002] This disclosure was made with Government support by the National Science
Foundation and the Air Force Office of Scientific Research under NSF Grant EFRI-
ODISSEI-1240417 and NSF Award No. 663345 awarded by the National Science

Foundation. The government has certain rights in the disclosure.

FIELD OF THE DISCLOSURE

[003] This disclosure relates to the use of one or more origami patterns in diapers.
The use of one or more origami patterns in a diaper can be utilized to improve one or

more parameters such as reducing sag of the diaper while under a load from fecal
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matter, increasing shape-conformance of the diaper to the wearer’s anatomy, and/or

increasing wicking of urine up the diaper and away from a bottom of the diaper.

BACKGROUND

[004] Diapers often have issues conforming to the shape of the wearer’s anatomy,
pooling of urine in the bottom of the diaper, and sagging due to loads from fecal
matter. A diaper, and method of its manufacture, is needed to reduce one or more of

these issues.

SUMMARY

[005] In one embodiment, a diaper is disclosed which comprises at least one origami
pattern. The at least one origami pattern comprises a pattern of pre-determined fold
lines.

[006] In another embodiment, a method of manufacturing a diaper is disclosed. In
one step, at least one origami pattern, comprising a pattern of fold-lines, is selected to
meet at least one of the following three parameters for the diaper: (1) sag; (2) shape-
conformance; or (3) wicking. In another step, the diaper is manufactured to comprise
the selected at least one origami pattern.

[007] The scope of the present disclosure is defined solely by the appended claims

and is not affected by the statements within this summary.

BRIEF DESCRIPTION OF THE DRAWINGS
[008] The disclosure can be better understood with reference to the following
drawings and description. The components in the figures are not necessarily to scale,

emphasis instead being placed upon illustrating the principles of the disclosure.
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[009] Figure 1 illustrates a front view of a first sample comprising a fan origami
pattern;

[0010] Figure 2 illustrates a perspective view of the fan origami pattern of Figure 1;
[0011] Figure 3 illustrates a front view of a second sample comprising an arc origami
pattern;

[0012] Figure 4 illustrates a perspective view of the arc origami pattern of Figure 3;
[0013] Figure 5 illustrates a front view of a third sample comprising a radial water-
bomb base origami pattern;

[0014] Figure 6 illustrates a perspective view of the radial water-bomb base origami
pattern of Figure 5;

[0015] Figure 7 illustrates a front view of a fourth sample comprising a radial muiri-
ori (or miura) origami pattern;

[0016] Figure 8 illustrates a perspective view of the radial muiri-ori (or miura)
origami pattern of Figure 7;

[0017] Figure 9 illustrates a front view of a fifth sample complaining a plain baseline
sample which does not contain any origami pattern;

[0018] Figure 10 illustrates a perspective view of a bowling ball (non-developable
curved surface) that each of the five samples of Figures 1, 3, 5, 7, and 9 were
separately stretched around;

[0019] Figure 11 illustrates a graph plotting the percent the first sample, comprising

the fan origami pattern of Figure 1, stretched around the bowling ball of Figure 10;



WO 2018/195352 PCT/US2018/028432

[0020] Figure 12 illustrates a graph plotting the percent the second sample,
comprising the arc origami pattern of Figure 3, stretched around the bowling ball of
Figure 10;

[0021] Figure 13 illustrates a graph plotting the percent the third sample, comprising
the radial water-bomb base origami pattern of Figure 5, stretched around the bowling
ball of Figure 10;

[0022] Figure 14 illustrates a graph plotting the percent the fourth sample, comprising
the radial muiri-ori origami pattern of Figure 7, stretched around the bowling ball of
Figure 10;

[0023] Figure 15 illustrates a graph plotting the percent the fifth sample, comprising
the plain baseline sample without an origami pattern of Figure 9, stretched around the
bowling ball of Figure 10;

[0024] Figure 16 illustrates a front view of four different samples which were tested
in a first wicking test;

[0025] Figure 17 illustrates a horizontal cross-section of the first sample of Figure 16
comprising a plain, unpatterned control sample comprising no origami patterns;
[0026] Figure 18 illustrates a horizontal cross-section of the second sample of Figure
16 comprising a triple-layered sample with no origami patterns;

[0027] Figure 19 illustrates a horizontal cross-section of the third sample of Figure 16
comprising a knife pleat origami pattern;

[0028] Figure 20 illustrates a horizontal cross-section of the fourth sample of Figure

16 comprising a box pleat origami pattern;
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[0029] Figure 21 illustrates a graph comparing the wicking height that each of the
samples of Figures 17-20 demonstrated in each of warp and weft directions;

[0030] Figure 22 illustrates a front view of eight different samples which were tested
in a second wicking test;

[0031] Figure 23 illustrates a horizontal cross-section of the first sample of Figure 22
comprising a single plain, unpatterned control sample comprising no origami patterns;
[0032] Figure 24 illustrates a horizontal cross-section of the second sample of Figure
22 comprising a double plain sample with no origami patterns;

[0033] Figure 25 illustrates a horizontal cross-section of the third sample of Figure 22
comprising a single knife pleat origami pattern;

[0034] Figure 26 illustrates a horizontal cross-section of the fourth sample of Figure
22 comprising a double knife pleat origami pattern;

[0035] Figure 27 illustrates a horizontal cross-section of the fifth sample of Figure 22
comprising a single box pleat origami pattern;

[0036] Figure 28 illustrates a horizontal cross-section of the sixth sample of Figure 22
comprising a double box pleat origami pattern;

[0037] Figure 29 illustrates a horizontal cross-section of the seventh sample of Figure
22 comprising a single curved pleat origami pattern;

[0038] Figure 30 illustrates a horizontal cross-section of the eighth sample of Figure
22 comprising a double curved pleat origami pattern;

[0039] Figure 31 illustrates a perspective view of a sample comprising a plain,

unpatterned control without an origami pattern;
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[0040] Figure 32 illustrates a perspective view of a sample comprising a straight
origami pattern;

[0041] Figure 33 illustrates a perspective view of a sample comprising a curved
origami pattern;

[0042] Figure 34 illustrates a perspective view of a sample comprising a water-bomb
base origami pattem;

[0043] Figure 35 illustrates a perspective view of a sample comprising a muiri-ori
origami pattern sewn;

[0044] Figure 36 illustrates a front view of a test stand that each of the samples of
Figures 31-35 was separately clipped to in order to test their sag when loaded with a
weight;

[0045] Figure 37 illustrates a graph showing the percent sag each of the samples of
Figures 31-35 experienced while being loaded on the test stand of Figure 36 with 400
grams of weight;

[0046] Figure 38 illustrates a box diagram of one embodiment of a diaper utilizing
origami patterns layered in multiple layers with each origami pattern individually
structured to achieve one parameter;

[0047] Figure 39 illustrates a box diagram of another embodiment of a diaper
utilizing at least one origami pattern individually structured to achieve multiple
parameters;

[0048] Figure 40 illustrates a box diagram of one embodiment of a diaper utilizing a

plurality of origami patterns with at least one of the origami patterns individually
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structured to achieve one parameter and at least one of the origami patterns
individually structured to achieve two or three parameters;

[0049] Figure 41 illustrates a side perspective view of one embodiment of a diaper;
[0050] Figure 42 illustrates a cross-section through line 42-42 of the embodiment of
Figure 41;

[0051] Figure 43 illustrates a front partially disassembled perspective view of one
embodiment of a diaper;

[0052] Figure 44 illustrates a side perspective view of one embodiment of an origami
pattern layer for a diaper; and

[0053] Figure 45 illustrates a flowchart illustrating one embodiment of a method of

manufacturing a diaper.

DETAILED DESCRIPTION

[0054] Origami is traditionally the art of paper folding, but it has been discovered that
it can be used for other materials to create various structures which meet differing
parameter(s). This disclosure utilizes origami patterns in diapers to improve shape
conformance, increase wicking, and reduce sag. In one embodiment, the diapers of
the disclosure comprise adult diapers. In other embodiments, the diapers of the
disclosure may be utilized for mammals of all ages. The diapers of the disclosure
may be made of fabric, paper, plastic, polyurethane, or any other type of material.
[0055] Sag in diapers is caused by excess material from a poor fit, expansion of
absorption materials, and stretching of diaper materials during loading. It has been

discovered that sag can be minimized through the use of origami patterns to improve
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fit, more evenly distributing fluid loads to minimize localized swelling, and enhance
the diaper’s overall structure. For purposes of this disclosure, the term “origami
pattern” is defined as a pattern of pre-determined fold lines.

[0056] Incontinence is the partial or complete loss of control of either the urinary or
bowel tracts. It can affect people of all ages, but often affects aging people, women
after childbirth and surgeries to female organs, men with enlarged or surgically-
removed prostates, people with mobility problems, and people with physiological
unawareness. Incontinence poses many challenges and complications for individuals,
such as embarrassment, decreased socialization, and increased risk of falling for
elderly people hurrying to the facilities. Caretakers are burdened as often they must
lift patients to change soiled clothes or bedding to keep the patient’s skin healthy.
Caretakers with mobile patients must find and clean all soiled surfaces if incontinence
solutions fail to contain human waste.

[0057] Medical professionals, scientists, and engineers are working to develop or
improve incontinence technology and solutions. One such technology is the diaper.
Diapers are absorbent garments used to contain urine and fecal matter. Multiple
brands offer varieties of fit and performance capabilities. Some are specifically
designed for night use, some are unisex, and some are specifically for either male or
female anatomy. Some diapers more closely resemble panties while others have the
more traditional diaper tabs. Diaper technology and absorption capabilities have
improved drastically, enabling people with incontinence to venture more confidently

into public settings.
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[0058] One aspect that still presents challenges for diaper designers is limiting sag.
Sag causes leaking, physical discomfort, and embarrassment for the user or caretaker.
Sag is caused by excess material from a poor fit, expansion of absorption materials,
and stretching of diaper materials during loading. It has been discovered that by
utilizing origami patterns in diapers, designers can improve the fit of diapers,
distribute fluid loads more evenly throughout diapers to minimize localized swelling,
and enhance the structure of the diapers, thereby decreasing sag of the diapers.

[0059] A major challenge in designing a well-fitting diaper is using flat materials to
create a product that conforms to the non-developable curved human surface. A
developable surface is a surface which can be unfolded into a plane without stretching
or tearing and which preserves the length of all curves on the surface throughout the
unfolding process. Designing for a non-developable surface is complicated because
the shape demands material stretch and deformation, not just simple cuts and folds. In
addition to being non-developable, the human shape also differs, sometimes
drastically, in size and curvature from person to person. Yet in industry, a finite
number of diaper designs and sizes are expected to accommodate a nearly infinite
combination of sizes and shapes. The current solution is to design for users in the
upper end of each size bracket, which can create a baggy fit for other users. The extra
material causes sagging of the structure and increases the chance of leaking when the
diaper is soiled.

[0060] Improved performance may be obtained by increasing shape conformance
over a larger range of sizes. Origami has the potential to be instrumental in this

improved design in two ways. First, shape conformance can be improved by
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implementing origami patterns that transform a flat medium into a curved surface or
shape. Origami has the benefit of being able to conform to almost any arbitrary
surface by modifying the patterns. Fabric origami can be used to closely approximate
non-developable surfaces because material-based patterns are malleable and adjust to
some surface bending and stretching. This flexibility encourages better shape
conformance, increased overall comfort, and improved performance.

[0061] Secondly, deployable origami may be instrumental in improving shape
conformance of size. Deployable origami patterns allow the diaper to move from
stowed to deployed states. These origami patterns allow the diaper to more closely
conform to human shapes and sizes while decreasing the amount of baggy material in
the design. In diapers, origami-based deployability may be implemented by folding
the material such that controlled amounts of fabric are released at different stages of
deployment. Alternatively, origami patterns may be introduced into the fabric
through sewing, starching, gluing, weaving, or otherwise treating the fabric to control
the stretch behavior of the material.

[0062] To illustrate the implementation of this concept, five samples were made out
of a Rayon Spandex Slub Jersey knit fabric in a shape that mimics the upper rear
portion of a diaper. This material was chosen because it is similar to the material
found in reusable diapers.

[0063] Different origami patterns were sewn into four of the five samples while the
fifth sample was kept plain without an origami pattern as a plain baseline sample.
Figure 1 illustrates a front view of the fan origami pattern 10 that was sewn into the

first sample 12. Figure 2 illustrates a perspective view of the fan origami pattern 10
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of Figure 1 without showing the first sample 12. The fan origami pattern 10 was
selected because it has obvious deployment behavior differences between the top and
bottom of the origami pattern. Figure 3 illustrates a front view of the arc origami
pattern 14 that was sewn into the second sample 16. Figure 4 illustrates a perspective
view of the arc origami pattern (similar to the fan origami pattern but having arched
stitching to increase horizontal stiffness) 14 of Figure 3 without showing the second
sample 16. The arc origami pattern 14 was chosen as a variation of the fan origami 10
pattern to examine the effect of lateral changes to the origami pattern. Figure 5
illustrates a front view of the radial water-bomb base origami pattern 18 that was
sewn into the third sample 20. Figure 6 illustrates a perspective view of the radial
water-bomb base origami pattern 18 of Figure 5 without showing the third sample 20.
The radial water-bomb base origami pattern 18 was selected due to its curved
deployed state. Figure 7 illustrates a front view of the radial muiri-ori (or miura)
origami pattern 22 that was sewn into the fourth sample 24. Figure 8 illustrates a
perspective view of the radial muiri-ori (or miura) origami pattern 22 of Figure 7
without showing the fourth sample 24. The radial muiri-ori origami pattern 22 was
selected because of its versatility.

[0064] It is noted that, as shown in Figures 1, 3, 5, and 7, each of origami patterns 12,
14, 18, and 22 have shape-conforming radial origami tessellations T which are
attached to the samples 12, 16, 20, and 24 using stitching or other forms of
attachment. Figure 9 illustrates a front view of the fifth sample complaining the plain
baseline sample 26 which does not contain any origami pattern. As shown in Figure

9, spaced-apart horizontal marks (i.e. pre-specified locations) 1, 2, 3, and 4, each
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comprising a pair of equally spaced-apart points for which the distance was measured,
were made in the plain baseline sample 26. Although not shown in the samples 12,
16, 20, and 24 of Figures 1, 3, 5, and 7 respectively these identical spaced-apart
horizontal marks 1, 2, 3, and 4, each comprising a pair of equally spaced-apart points,
were made in the same identical locations of the samples 12, 16, 20, and 24 of Figures
1,3,5,and 7. Itis noted that the samples 12, 16, 20, 24, and 26 of Figures 1, 3, 5, 7,
and 9 were made of the same identical fabric material and were the same identical
shape, size, and configuration.

[0065] Figure 10 illustrates a perspective view of the bowling ball (non-developable
curved surface) 28 that each of the five samples 12, 16, 20, 24, and 26 of Figures 1, 3,
5,7, and 9 were separately stretched around. For illustration, Figure 10 shows sample
12 of Figure 1 stretched around the bowling ball 28. Figure 11 illustrates a graph
plotting, for each pair of equally spaced-apart points of each of the four pre-specified
locations 1, 2, 3, and 4 depicted in Figure 9, the percent the sample 12 containing the
fan origami pattern 10 of Figure 1 stretched around the bowling ball 28 of Figure 10.
As shown in Figure 11, the fan origami pattern 10 had more stretch at the top of the
origami pattern than at the bottom.

[0066] Figure 12 illustrates a graph plotting, for each pair of equally spaced-apart
points of each of the four pre-specified locations 1, 2, 3, and 4 depicted in Figure 9,
the percent the sample 16 containing the arc origami pattern 14 of Figure 3 stretched
around the bowling ball 28 of Figure 10. As shown in figure 12, the arc origami
pattern 14 had more stretch in the middle and less stretch at the top and bottom.

Figure 13 illustrates a graph plotting, for each pair of equally spaced-apart points of
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each of the four pre-specified locations 1, 2, 3, and 4 depicted in Figure 9, the percent
the sample 20 containing the radial water-bomb base origami pattern 18 of Figure 5
stretched around the bowling ball 28 of Figure 10. As shown by comparing Figures
13 and 11, the radial water-bomb base origami pattern 18 behaved similarly to the fan
origami pattern 10, but with less overall stretch.

[0067] Figure 14 illustrates a graph plotting, for each pair of equally spaced-apart
points of each of the four pre-specified locations 1, 2, 3, and 4 depicted in Figure 9,
the percent the sample 24 containing the radial muiri-ori origami pattern 22 of Figure
7 stretched around the bowling ball 28 of Figure 10. As shown by comparing Figures
14 and 12, the radial muiri-ori origami pattern 22 was the inverse of the arc origami
pattern 14, with less stretch in the middle and more at the top and bottom. Figure 15
illustrates a graph plotting, for each pair of equally spaced-apart points of each of the
four pre-specified locations 1, 2, 3, and 4 depicted in Figure 9, the percent the plain
baseline sample 26 without an origami pattern of Figure 9 stretched around the
bowling ball 28 of Figure 10. The plain baseline sample 26 stretched nearly
uniformly at each of the four pre-specified locations 1, 2, 3, and 4.

[0068] These results show that the selected origami pattern can give significant
control over the stiffness or stretch behavior of the material over a non-developable
surface. This knowledge can be used to design for the best fit over a range of sizes.
For example, if a snug fit is desired at the waistline, with a looser fit just below that,
the arc origami pattern 14 can be used. If a single origami pattern does not meet the

design specifications, origami patterns can be varied in specific locations to offer even
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more control over desired fit. Implementing origami patterns into diapers will enable
the creation of a non-baggy variable fit that prevents sagging and leaking.

[0069] Absorption materials in diapers work well to rapidly absorb fluids. However,
these materials swell significantly to contain the fluid, typically increasing the
thickness of the diaper by more than four times. This localized swelling becomes
physically uncomfortable to the wearer and causes the diaper to sag. Distributing the
fluid more evenly throughout a diaper decreases the amount of localized swelling in
the absorption materials and reduces sagging.

[0070] Wicking in diaper design is important for keeping moisture away from the
skin of the wearer, and can be useful for distributing fluids more evenly throughout
the material. Wicking is defined as “the ability to sustain capillary flow”. Capillary
flow occurs when the adhesion force between the liquid molecules and the surface
medium is greater than the mutual attraction between the liquid molecules.
Experimental investigations of wicking in multi-ply paper and other mediums have
shown improved wicking performance as compared to individual plies. It has been
discovered that increasing the number of fabric layers in a diaper design increases
wicking from the crotch regions of the diaper to the front and back regions. This
distributes the fluid more evenly and decreases the amount of localized swelling.
[0071] Origami implementation in diaper design introduces multi-layered structures
into the fabric. These layers have distances between surfaces that utilize the adhesion
force between the fluid and the surface medium. It has been discovered that these
multi-layered structures can be used in materials that already have strong wicking

capabilities to improve the wicking performance above that of the material alone. It
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further has been discovered that different folded origami patterns may be used
according to design needs to improve wicking performance based on the particular
origami pattern utilized.

[0072] A vertical wicking test was done to illustrate the improved wicking abilities
obtained by using multiple layers and varying origami patterns in diapers. The
vertical wicking test included two types of fabric, a cotton jersey spandex fabric (95
cotton 5 spandex with 180 grams per meter’?) and a bamboo four-way spandex fabric,
both selected for their wicking capabilities. Each fabric was tested in the warp and
weft directions. Warp and weft refer to the yarns used during weaving the fabric.
The lengthwise warp yarns are held in tension on the loom while the transverse weft
is drawn through and inserted over-and-under the warp threads. Testing in the warp
and weft directions was included in case the wicking behavior introduced through
origami patterns differed in either direction.

[0073] All samples contained 84 cm? of fabric, beginning in a 6 cm x 14 ¢cm form.
Figure 16 illustrates a front view of four different samples 30, 32, 34, and 36 which
were tested in the first wicking test. Figure 17 illustrates a horizontal cross-section of
sample 30 which comprised a plain, unpatterned control sample comprising no
origami patterns. Figure 18 illustrates a horizontal cross-section of sample 32 which
comprised a triple-layered sample with no origami patterns. Figure 19 illustrates a
horizontal cross-section of sample 34 which comprised a knife pleat origami pattern.
Figure 20 illustrates a horizontal cross-section of sample 36 which comprised a box
pleat origami pattern. It is noted that, as shown in Figures 19 and 20, each of samples

34 and 36 comprise wicking pathways W comprising lateral cross-sections which are
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non-linear. Two columns of stitches were added to each of the samples 30, 32, 34,
and 36 to maintain folds in the pleated samples and layer distance uniformity in the
triple layered sample after the fabric was wetted. Although preliminary testing
showed that the stitches did not affect wicking, stitches were also added to the control
samples to maintain uniformity in the test.

[0074] Samples 30, 32, 34, and 36 were prepared in one sitting and allowed to
acclimate to the test room for 24 hours at 73 degrees Fahrenheit prior to testing. All
testing was performed on the same day. A single test consisted of one control sample
30, one triple-layered sample 32, one knife pleat sample 34, and one box pleat sample
36. Two repetitions of every test were performed for a total of eight tests. For
testing, each of the samples was clipped to the test stand, as shown in Figure 16, and
all were lowered into the colored water at the same time. Each test was run for 5
minutes, and the wicking height was measured at the conclusion of each test.

[0075] Figure 21 illustrates a graph comparing the wicking height that each of the
cotton fabric and bamboo fabric samples 30, 32, 34, and 36 demonstrated in each of
the warp and weft directions. The testing showed that the bamboo fabric wicked
better than the cotton fabric, and that the weft direction wicked better than the warp
direction. There was a strong correlation for more layers improving the wicking, but
different configurations with the same final layer count have similar performance. As
the results of the knife pleat origami pattern 34 and box pleat origami pattern 36
demonstrate, the use of origami patterns improves wicking with the amount of the

wicking varying depending on the particular origami pattern. The use of origami
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patterns allows wicking to be increased by adding more layers into the fabric without
requiring a cutting process.

[0076] Figure 22 illustrates a front view of eight different samples 38, 40, 42, 44, 46,
48, 50, and 52 which were tested in the second wicking test. Figure 23 illustrates a
horizontal cross-section of sample 38 which comprised a single plain, unpatterned
control sample comprising no origami patterns. Figure 24 illustrates a horizontal
cross-section of sample 40 which comprised a double plain sample with no origami
patterns. Figure 25 illustrates a horizontal cross-section of sample 42 which
comprised a single knife pleat origami pattern. Figure 26 illustrates a horizontal
cross-section of sample 44 which comprised a double knife pleat origami pattern.
Figure 27 illustrates a horizontal cross-section of sample 46 which comprised a single
box pleat origami pattern. Figure 28 illustrates a horizontal cross-section of sample
48 which comprised a double box pleat origami pattern. Figure 29 illustrates a
horizontal cross-section of sample 50 which comprised a single curved pleat origami
pattern. Figure 30 illustrates a horizontal cross-section of sample 52 which comprised
a double curved pleat origami pattern.

[0077] It is noted that, as shown in Figures 25-30, each of samples 42, 44, 46, 48, 50,
and 52 comprise wicking pathways W comprising lateral cross-sections which are
non-linear. It is further noted that, as shown in Figures 26, 28, and 30, each of
samples 44, 48, and 52 comprise a plurality of adjacent and spaced-apart origami
pattern layers, each such origami pattern layer comprising an origami pattern having a
lateral cross-section which is non-linear, which collectively form a wicking pathway

W. As in the first wicking test, two columns of stitches were added to each of the
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samples 38, 40, 42, 44, 46, 48, 50, and 52 to maintain folds in the pleated samples and
layer distance uniformity in the triple layered sample after the fabric was wetted.
Although preliminary testing showed that the stitches did not affect wicking, stitches
were also added to the control samples to maintain uniformity in the test.

[0078] Samples 38, 40, 42, 44, 46, 48, 50, and 52 were prepared in one sitting and
allowed to acclimate to the test room prior to testing. All testing was performed on
the same day. For testing, each of the samples was clipped to a test stand and all were
lowered into colored water at the same time. Each test was run for 3 minutes, and the
wicking height was measured at the conclusion of each test.

[0079] As shown in Figure 22, the wicking height W was lowest in the single plain,
unpatterned control sample 38. As also shown in Figure 22, the double curved pleat
origami pattern sample 52, the double box pleat origami pattern sample 48, and the
double knife pleat origami pattern sample 44 had the highest wicking heights. These
results demonstrate that the best wicking results are obtained by providing multiple
spaced-apart layers of origami patterns.

[0080] There is opportunity in diaper design for reducing diaper sag after loading.
While some sag can be eliminated by improving shape conformance, even an initially
well-fitting diaper will sag due to material stretch under loading. Current structures in
disposable diapers have an elastic waist band and elastic around the leg holes. This
structure does well in keeping the edges of an unloaded diaper in place, but does not
accommodate sagging once the diaper is loaded. The challenge in preventing sag due

to loading is developing a structural design that is also comfortable to the wearer.
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[0081] One solution is a flexible structure created by origami implementation.
Introducing origami patterns into diapers adds supporting, flexible structure that
allows movement and shape conformance. Origami patterns incorporated into diaper
designs decrease sag by providing controlled and selective stiffening methods to the
material. These origami patterns can easily be modified to accommodate required
structures and motions. As previously discussed, principles from the origami patterns
can be extracted and applied using methods other than pure folding.

[0082] Figure 31-35 illustrate separate perspective views of five samples 54, 56, 58,
60, and 62 which were tested to demonstrate the reduction of sag through origami
pattern implementation. Each of the five samples 54, 56, 68, 60, and 62 were created
out of a Rayon Spandex Slub Jersey knit. As shown in Figure 31, sample 54
comprised a plain, unpatterned control without an origami pattern. As shown in
Figure 32, sample 56 comprised a straight origami pattern sewn into it. As shown in
Figure 33, sample 58 comprised a curved origami pattern sewn into it. As shown in
Figure 34, sample 60 comprised a water-bomb base origami pattern sewn into it. As
shown in Figure 35, sample 62 comprised a muiri-ori origami pattern sewn into it.
Each origami pattern was selected for its ability to decrease in width with minimal
increase or decrease in length.

[0083] Figure 36 illustrates a front view of the test stand 64 that each of the samples
54, 56, 58, 60, and 62 of Figures 31-35 was separately clipped to in order to test their
sag when loaded with a weight. Figure 36 shows sample 54 being tested for
illustrative purposes. Care was used to ensure that each of the samples 54, 56, 58, 60,

and 62 of Figures 31-35 had the same initial tautness during testing using the test
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stand 64 of Figure 36. Separately, the initial height of each sample 54, 56, 58, 60, and
62 of Figures 31-35 was recorded on the test stand 64 of Figure 36. Then the top of
each sample 54, 56, 58, 60, and 62 of Figures 31-35 was separately loaded on the test
stand 64 of Figure 36 with 400 grams distributed across the entire test specimen,
similar to how the lower region of a diaper would be loaded. The amount of sag
while loaded on the test stand 64 was then measured for each sample 54, 56, 58, 60,
and 62.

[0084] Figure 37 illustrates a graph showing the percent sag each of the samples 54,
56, 58, 60, and 62 experienced while being loaded on the test stand 64 of Figure 36
with the 400 grams of weight. As shown in Figure 37, the samples 56, 58, 60, and 63
containing the origami patterns had sag reduced by more than 50 percent relative to
the plain, unpatterned control sample 54 which did not contain an origami pattern.
Similar testing on disposable diapers showed that the origami pattern needs to extend
from waistband to waistband to effectively prevent material stretch. These results
show that the origami pattern need not be complicated. Implementing simple origami
patterns from waistband to waistband of the diaper increases the sag performance of
the diaper by more than 50 percent.

[0085] In summary, the above data demonstrates that implementing origami patterns
improves the performance of diapers in three ways. First, sag is reduced by
improving shape conformance to non-developable human shapes through curved and
deployable origami patterns. This decreases the amount of baggy material and
increases comfort for the wearer. Second, sag is also reduced by more evenly

distributing fluid loads through increased wicking. Wicking is increased by the
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addition of layers using origami patterns. Third, the overall structure of the diaper is
improved if origami patterns are introduced in a connected pattern from the front
waistband to the back waistband of the diaper. This prevents the material from
stretching and sagging once the diaper has been loaded.

[0086] Figure 38 illustrates a box diagram of one embodiment of a diaper 66 utilizing
origami patterns 74 layered in multiple layers 72 with each origami pattern 74
individually structured to achieve one parameter. The diaper 66 comprises a plurality
of layers 68. At least one layer 70 of the plurality of layers 68 does not comprise an
origami pattern. At least two layers 72 of the plurality of layers 68 each comprise one
or more origami patterns 74. The one or more origami patterns 74 of each of the at
least two layers 72 may be identical or different.

[0087] In one embodiment, the one or more origami patterns 74 of each of the at least
two layers 72 are identically structured to achieve one of the following three
parameters: (1) reduced sag; (2) increased shape-conformance; or (3) increased
wicking. In another embodiment, the one or more origami patterns 74 of one of the at
least two layers 72 is structured to achieve one of the following three parameters: (1)
reduced sag; (2) increased shape-conformance; or (3) increased wicking; and another
of the one or more origami patterns 74 of the at least two layers 72 is differently
structured to achieve a second of the three parameters. In still another embodiment,
the one or more origami patterns 74 of one of the at least two layers 72 is structured to
achieve one of the following three parameters: (1) reduced sag; (2) increased shape-
conformance; or (3) increased wicking; another of the one or more origami patterns

74 of the at least two layers 72 is differently structured to achieve a second of the
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three parameters; and still another of the one or more origami patterns 74 of the at
least two layers 72 is differently structured to achieve a third of the three parameters.
[0088] The at least two layers 72 comprising the origami patterns 74 may be spaced
in varying arrangements relative to one another and to the at least one layer 70 that
does not comprise an origami pattern. For instance, in one embodiment the at least
two layers 72 comprising the origami patterns 74 may be adjacent to one another. In
another embodiment, the at least one layer 70 that does not comprise an origami
pattern may be spaced between the at least two layers 72 comprising the origami
patterns 74.

[0089] Figure 39 illustrates a box diagram of another embodiment of a diaper 76
utilizing at least one origami pattern 84 individually structured to achieve multiple
parameters. The diaper 76 comprises a plurality of layers 78. At least one layer 80 of
the plurality of layers 78 does not comprise an origami pattern. At least one layer 82
of the plurality of layers 78 comprises an origami pattern 84. In one embodiment, the
origami pattern 84 of the at least one layer 82 is structured to achieve two of the
following three parameters: (1) reduced sag; (2) increased shape-conformance; or (3)
increased wicking. In another embodiment, the origami pattern 84 of the at least one
layer 82 is structured to achieve all three of the following three parameters: (1)
reduced sag; (2) increased shape-conformance; and (3) increased wicking. In one
embodiment, the at least one layer 82 comprises only one layer having only one
origami pattern which is structured to achieve two or three of the three parameters. In
another embodiment, the at least one layer 82 comprises a plurality of layers each

having its own different origami pattern differently structured to separately achieve
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two or three of the three parameters. In still another embodiment, the at least one
layer 82 comprises a plurality of layers each having its own origami pattern with each
origami pattern of the plurality of layers being identically structured to separately
achieve two or three of the three parameters. The at least one layer 82 comprising the
origami pattern 84 may be spaced in varying arrangements relative to the at least one
layer 80 that does not comprise an origami pattern.

[0090] Figure 40 illustrates a box diagram of one embodiment of a diaper 86 utilizing
a plurality of origami patterns 94 with at least one of the origami patterns 94
individually structured to achieve one parameter and at least one of the origami
patterns 94 individually structured to achieve two or three parameters. The diaper 86
comprises a plurality of layers 88. At least one layer 90 of the plurality of layers 88
does not comprise an origami pattern. One or more layers 92 of the plurality of layers
88, individually or collectively, comprises a plurality of origami patterns 94 with at
least one of the origami patterns individually structured to achieve one of the
following three parameters: (1) reduced sag; (2) increased shape-conformance; or (3)
increased wicking; and at least another of the origami patterns individually structured
to achieve two or three of the following three parameters: (1) reduced sag; (2)
increased shape-conformance; or (3) increased wicking. The origami patterns 94 may
be located in the same or different layers 92. The one or more layers 92 comprising
the origami patterns 94 may be spaced in varying arrangements relative to one another
and to the at least one layer 90 that does not comprise an origami pattern.

[0091] Figure 41 illustrates a side perspective view of one embodiment of a diaper 96.

The diaper 96 comprises a front portion 98, a back portion 100, leg holes 102 and 104
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disposed between the front and back portions 98 and 100, and a plurality of layers
106. Figure 42 illustrates a cross-section through line 42-42 of the embodiment of
Figure 41. As shown collectively in Figures 41 and 42, the plurality of layers 106
comprises a porous inner layer 108, a first origami pattern layer 110 comprising a first
origami pattern 112, an absorptive layer 114, and a second origami pattern layer 116
comprising a second origami pattern 118. The porous inner layer 108 is configured
for unidirectional flow towards the absorptive layer 114. The first origami pattern
layer 110 is disposed between the porous inner layer 108 and the absorptive layer 114.
The absorptive layer 114 is disposed between the first and second origami pattern
layers 110 and 116. The second origami pattern layer 116 comprises a substantially
non-porous outer layer of the diaper 96.

[0092] The first and second origami patterns 112 and 118 each comprise a pattern of
pre-determined fold lines. The first and second origami patterns 112 and 118 may be
different than one another but in other embodiments may be identical. The first and
second origami patterns 112 and 118 may comprise any of the origami patterns
disclosed herein. In other embodiments, the first and second origami patterns 112 and
118 may comprise varying types of origami patterns beyond those disclosed herein.

In one embodiment, the first origami pattern 112 comprises one of the wicking
origami patterns 34, 36, 42, 44, 46, 48, 50, or 52 of Figures 19-20 and 25-30, the first
origami pattern 112 extends continuously from a bottom portion 120 of the diaper 96
towards top portions 122 and 124 of the diaper 96, the second origami pattern layer
116 is attached to and between a top portion 122 of the front portion 98 and a top

portion 124 of the back portion 100 of the diaper 96, the second origami pattern 118
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comprises one of the sag-reduction origami patterns 56, 58, 60, or 62 of Figures 32-35
or one of the shape-conformance origami patterns 10, 14, 18, 22 of Figures 1, 3, 5,
and 7, and the second origami pattern 118 extends continuously to and between the
top portion 122 of the front portion 98 and the top portion 124 of the back portion 100
of the diaper 96. In other embodiments, the structure of the diaper 96 may vary such
as the first and second origami pattern layers 110 and 116 and their respective first
and second origami patterns 112 and 118 further varying in type, size, configuration,
orientation, attachment, and location.

[0093] Figure 43 illustrates a front partially disassembled perspective view of one
embodiment of a diaper 126. The diaper 126 comprises a front portion 128, a back
portion 130, leg holes 132 and 134 disposed between the front and back portions 128
and 130, and a plurality of layers 136. The plurality of layers 136 comprises a porous
inner layer 138, only one origami pattern layer 140 comprising at least one origami
pattern 142, an absorptive layer 144, and a substantially non-porous outer layer 146.
The porous inner layer 138 is configured for unidirectional flow towards the
absorptive layer 144. The only one origami pattern layer 140 is disposed between the
absorptive layer 144 and the substantially non-porous outer layer 146. The absorptive
layer 144 is disposed between the porous inner layer 138 and the only one origami
patter layer 140. The only one origami pattern layer 140 is attached to and between a
top portion 148 of the front portion 128 and a top portion 150 of the back portion 130
of the diaper 126.

[0094] The at least one origami pattern 142 comprises a pattern of pre-determined

fold lines. The at least one origami pattern 142 may comprise any of the origami
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patterns disclosed herein. In other embodiments, the at least one origami pattern 142
may comprise varying types of origami patterns beyond those disclosed herein. In
one embodiment, the at least one origami pattern 142 is structured to achieve two of
the following three parameters: (1) reduced sag; (2) increased shape-conformance; or
(3) increased wicking. In another embodiment, the at least one origami pattern 142 is
structured to achieve all three of the following three parameters: (1) reduced sag; (2)
increased shape-conformance; and (3) increased wicking. In other embodiments,
there may be more than one origami pattern layer 140 each comprising at least one
origami pattern 142 that is structured to achieve two or three of the three parameters.
In still other embodiments, the structure of the diaper 126 may vary further in type,
size, configuration, orientation, attachment, and location.

[0095] Figure 44 illustrates a side perspective view of one embodiment of an origami
pattern layer 152 for a diaper. The origami pattern layer 152 comprises a front
portion 154, a bottom portion 156, and a back portion 158. The front portion 154
comprises a first origami pattern 160. The bottom portion 156 comprises a second
origami pattern 162. The back portion 158 comprises a third origami pattern 164,
The first, second, and third origami patterns 160, 162, and 164 all comprise different
origami patterns to achieve different parameters. In one embodiment, the first,
second, and third origami patterns 160, 162, and 164 may be selected from the
origami patterns disclosed herein. In other embodiments, the first, second, and third
origami patterns 160, 162, and 164 may utilize any type of origami pattern. In such

matter, by utilizing varying origami patterns in the same layer, varying parameters
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may be met. In other embodiments, varying origami patterns may be utilized in
varying layers of a diaper in order to meet varying parameters.

[0096] Figure 45 illustrates a flowchart illustrating one embodiment of a method 166
of manufacturing a diaper. The method 166 may utilize any of the origami patterns,
diapers, or structures disclosed herein. In other embodiments, the method 166 may
utilize any type of origami pattern, diaper, or structure. In step 168, at least one
origami pattern, comprising a pattern of fold-lines, is selected to meet at least one of
the following three parameters for the diaper: (1) sag; (2) shape-conformance; or (3)
wicking. In step 170, the diaper is manufactured to comprise the selected at least one
origami pattern.

[0097] In various embodiments, the parameter(s) can be chosen to be below, meet, or
exceed one or more threshold values. For instance, in one embodiment the at least
one origami pattern can be chosen so that the diaper has less than or equal to a
threshold value of sag. In the same or another embodiment, the at least one origami
pattern can be chosen so that the diaper has more than or equal to a threshold value of
shape-conformance. In the same or another embodiment, the at least one origami
pattern can be chosen so that the diaper has more than or equal to a threshold value of
wicking. The threshold value(s) may comprise a measurement(s) such as a distance,
percentage, or other type of measurement. In still other embodiments, the parameters
of step 168 can be varied to achieve any type of sag, shape-conformance, or wicking
parameters.

[0098] In one embodiment, step 168 comprises selecting the at least one origami

pattern to meet the (1) sag. In another embodiment, step 168 comprises selecting the

27



WO 2018/195352 PCT/US2018/028432

at least one origami pattern to meet the (2) shape-conformance. In still another
embodiment, step 168 comprises selecting the at least one origami pattern to meet the
(3) wicking. In yet another embodiment, step 168 comprises selecting the at least one
origami pattern to meet two of the three parameters. In still another embodiment, step
168 comprises selecting the at least one origami pattern to meet all three of the
parameters. In another embodiment, step 168 comprises selecting one origami pattern
to meet two of the three parameters. In still another embodiment, step 168 comprises
selecting one origami pattern to meet all three of the parameters. In another
embodiment, step 168 comprises selecting a first origami pattern to meet one of the
three parameters, and selecting a second origami pattern to meet a second of the three
parameters. In still another embodiment, step 168 comprises selecting a first origami
pattern to meet one of the three parameters, selecting a second origami pattern to meet
a second of the three parameters, and selecting a third origami pattern to meet a third
of the three parameters.

[0099] In other embodiments, one or more steps of the method 166 may not be
followed, may be further modified in substance or in order, or one or more additional
steps may be added.

[00100] One or more embodiments of the disclosure overcome one or more
issues associated with diapers by incorporating one or more origami patterns into the
diaper to increase shape-conformance of the diaper to the wearer’s anatomy, increase
wicking of urine up the diaper in a direction away from the bottom of the diaper,
and/or decrease sag of the diaper while under load from fecal matter.

[00101] The Abstract is provided to allow the reader to quickly ascertain the
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nature of the technical disclosure. It is submitted with the understanding that it will
not be used to interpret or limit the scope or meaning of the claims. In addition, in the
foregoing Detailed Description, it can be seen that various features are grouped
together in various embodiments for the purpose of streamlining the disclosure. This
method of disclosure is not to be interpreted as reflecting an intention that the claimed
embodiments require more features than are expressly recited in each claim. Rather,
as the following claims reflect, inventive subject matter lies in less than all features of
a single disclosed embodiment. Thus the following claims are hereby incorporated
into the Detailed Description, with each claim standing on its own as a separately
claimed subject matter.

[00102] While particular aspects of the present subject matter described herein
have been shown and described, it will be apparent to those skilled in the art that,
based upon the teachings herein, changes and modifications may be made without
departing from the subject matter described herein and its broader aspects and,
therefore, the appended claims are to encompass within their scope all such changes
and modifications as are within the true scope of the subject matter described herein.
Furthermore, it is to be understood that the disclosure is defined by the appended
claims. Accordingly, the disclosure is not to be restricted except in light of the

appended claims and their equivalents.
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CLAIMS

1. A diaper comprising at least one origami pattern, wherein the at least one
origami pattern comprises a pattern of pre-determined fold lines.

2. The diaper of claim 1 further comprising a plurality of layers, wherein only
one of the plurality of layers comprises the at least one origami pattern.

3. The diaper of claim 2 further comprising a porous inner layer and a
substantially non-porous outer layer, wherein the only one layer comprising the at
least one origami pattern is disposed between the porous inner layer and the
substantially non-porous outer layer.

4, The diaper of claim 1 further comprising a plurality of layers, wherein one of
the plurality of layers comprises a first origami pattern and a second of the plurality of
layers comprises a second origami pattern.

5. The diaper of claim 1 further comprising an absorptive layer, a porous inner
layer configured for unidirectional flow towards the absorptive layer, an origami
pattern layer comprising a first origami pattern, and a substantially non-porous outer
layer, wherein the absorptive layer is disposed between the porous inner layer and the
origami pattern layer, and the origami pattern layer is disposed between the absorptive
layer and the substantially non-porous outer layer.

6. The diaper of claim 1 further comprising an absorptive layer, a porous inner
layer configured for unidirectional flow towards the absorptive layer, a first origami
pattern layer comprising a first origami pattern, and a second origami pattern layer
comprising a second origami pattern, wherein the first origami pattern layer is

disposed between the porous inner layer and the absorptive layer, the absorptive layer
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is disposed between the first and second origami pattern layers, and the second
origami pattern layer comprises a substantially non-porous outer layer of the diaper.
7. The diaper of claim 1 further comprising a plurality of layers, a front portion, a
back portion, and two leg holes disposed between the front portion and the back
portion, wherein at least one of the plurality of layers comprises a sag-reduction
structure comprising an origami patter layer, the origami pattern layer comprising
the at least one origami pattern, the origami pattern layer attached to and between a
top portion of the front portion and a top portion of the back portion.

8. The diaper of claim 7 wherein the at least one origami pattern extends
continuously to and between the top portion of the front portion and the top portion of
the back portion.

9. The diaper of claim 1 wherein the at least one origami pattern is selected from
the group consisting of a straight origami pattern, a curved origami pattern, a water-
bomb origami pattern, and a muiri-ori origami pattern.

10. The diaper of claim 1 further comprising a plurality of layers, wherein at least
one of the plurality of layers comprises a shape-conforming structure comprising the
at least one origami pattern, the at least one origami pattern comprising radial origami
tessellations.

11. The diaper of claim 10 wherein some portions of the at least one origami
pattern are stiffer than other portions.

12. The diaper of claim 1 wherein the at least one origami pattern is selected from
the group consisting of a fan origami pattern, an arc origami pattern, a water-bomb

origami pattern, and a miuri-ori origami pattern.
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13. The diaper of claim 1 further comprising a plurality of layers, wherein at least
one of the plurality of layers comprises the at least one origami pattern, the at least
one origami pattern comprising a wicking pathway comprising a lateral cross-section
which is non-linear, the at least one origami pattern extending continuously from a
bottom portion of the diaper towards a top portion of the diaper.
14. The diaper of claim 1 further comprising a first origami pattern layer
comprising a first origami pattern comprising a first lateral cross-section which is
non-linear, and a second origami pattern layer comprising a second origami pattern
comprising a second lateral cross-section which is non-linear, wherein the first and
the second origami patterns are adjacent and spaced-apart from one another
collectively forming a wicking pathway extending continuously from a bottom
portion of the diaper towards a top portion of the diaper.
15. The diaper of claim 1 wherein the at least one origami pattern is selected from
the group consisting of a knife origami pattern, a single knife origami pattern, a
double knife origami pattern, a box origami pattern, a single box origami pattern, a
double box origami pattern, a curved pleat origami pattern, a single curved pleat
origami pattern, and a double curved pleat origami pattern.
16. A method of manufacturing a diaper comprising:

selecting at least one origami pattern, comprising a pattern of fold-lines, to
meet at least one of the following three parameters for the diaper: (1) sag; (2) shape-
conformance; or (3) wicking; and

manufacturing the diaper to comprise the selected at least one origami pattern.
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17. The method of claim 16 wherein the selecting step comprises selecting the at
least one origami pattern to meet the (1) sag.

18. The method of claim 16 wherein the selecting step comprises selecting the at
least one origami pattern to meet the (2) shape-conformance.

19. The method of claim 16 wherein the selecting step comprises selecting the at
least one origami pattern to meet the (3) wicking.

20. The method of claim 16 wherein the selecting step comprises selecting the at
least one origami pattern to meet two of the three parameters.

21. The method of claim 16 wherein the selecting step comprises selecting the at
least one origami pattern to meet all three of the parameters.

22. The method of claim 16 wherein the selecting step comprises selecting one
origami pattern to meet two of the three parameters.

23. The method of claim 16 wherein the selecting step comprises selecting one
origami pattern to meet all three of the parameters.

24, The method of claim 16 wherein the selecting step comprises selecting a first
origami pattern to meet one of the three parameters, and selecting a second origami
pattern to meet a second of the three parameters.

25. The method of claim 16 wherein the selecting step comprises selecting a first
origami pattern to meet one of the three parameters, selecting a second origami
pattern to meet a second of the three parameters, and selecting a third origami pattern

to meet a third of the three parameters.
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