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COMPUTER BASED MODELS FOR ABSORBENT ARTICLES

FIELD
In general, embodiments of the present disclosure relate to computer based models for
absorbent articles. In particular, embodiments of the present disclosure relate to methods of
using computer based FEA and CFD models for simulating the physical behavior of bodily fluids

with absorbent articles.

BACKGROUND
Absorbent articles include diapers and incontinence garments as well as feminine pads
and liners. Absorbent articles can receive, contain, and absorb bodily exudates. It can be
difficult to predict the physical behavior of bodily fluids as they are received into and absorbed
by an absorbent article. As a result, it can be difficult to predict whether or not an absorbent

article of a particular design can adequately contain bodily exudates.

SUMMARY
However, embodiments of the present disclosure can at least assist in predicting whether
or not a particular absorbent article design can adequately contain bodily exudates. The present
disclosure includes methods of simulating the physical behavior of bodily fluids with absorbent
articles. As a result, particular absorbent article designs and/or absorbent materials can be

evaluated and modified as computer based models before they are tested as real world things.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a chart illustrating a method of using computer based models for simulating
the physical behavior of a bodily fluid with an absorbent article.

Figure 2A is an inside plan view illustrating a computer based model representing a front-
fastenable wearable absorbent article.

Figure 2B is an inside plan view illustrating a computer based model representing a pant-
type wearable absorbent article.

Figure 2C is an inside plan view illustrating a computer based model representing a
feminine pad absorbent article.

Figure 3A is a front view illustrating a computer based model representing a portion of a

male human body.
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Figure 3B is a front view illustrating a computer based model representing a portion of a
female human body.

Figure 4A is a front view illustrating a computer based model representing a pant-type
wearable absorbent article fitted to a portion of a male human body.

Iigure 4B is a front view illustrating a computer based model representing a front-
fastenable wearable absorbent article fitted to a portion of a female human body.

Figure 4C is a front view illustrating a computer based model representing a feminine pad
absorbent article fitted to a portion of a female human body.

Figure 5 is a chart illustrating a method of using computer based models for simulating
the discharge and flow of a bodily fluid in an absorbent article.

Figure 6A is a front view illustrating a computer based model simulating a urine
discharge from a male human body to a wearable absorbent article.

Iigure 6B is a front view illustrating a computer based model simulating a urine
discharge from a female human body to a wearable absorbent article.

Figure 6C is a front view illustrating another computer based model simulating a menses
discharge from a female human body to a feminine absorbent article.

Figure 7 is a chart illustrating a method of using computer based models for determining
swelling from a bodily fluid in an absorbent article.

Iigure 8A is a cross-sectional side view illustrating a computer based model of an
absorbent article fitted to a portion of a human body, wherein the article is in an unswollen state.

Figure 8B is a view of Iligure 8A, wherein the article is in a swollen state.

DETAILED DESCRIPTION

The present disclosure includes methods of simulating the physical behavior of bodily
exudates with absorbent articles. Embodiments of the present disclosure can at least assist in
predicting whether or not a particular absorbent article design can adequately contain bodily
exudates. As a result, particular absorbent article designs and absorbent materials can be
evaluated and modified as computer based models before they are tested as real world things.

Computer aided engineering (CAE) is a broad area of applied science in which
technologists use software to develop computer based models that represent real world things.
The models can be transformed to provide various information about the physical behavior of
those real world things, under certain conditions and/or over particular periods of time. With

CAE, the interactions of the computer based models are referred to as simulations. Sometimes
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the real world things are referred to as a problem and the computer based model is referred to as
a solution. There are several major categories of CAL.

Finite element analysis (FEA) is a major category of CAE. In FEA, models representing
mechanical articles, as well as their features, components, structures, and/or materials are
transformed to predict stress, strain, displacement, deformation, and other mechanical behaviors.
FEA represents a continuous solid material as a set of discrete elements. In FEA, the mechanical
behavior of each element is calculated, using equations that describe mechanical behavior. The
results of all of the elements are summed up, to represent the mechanical behavior of the material
as a whole.

Computation fluid dynamics (CFD) is another major CAE category. In CEFD, models
representing fluids (e.g. liquids and/or gases) are transformed to predict pressure, flow,
temperature, and other fluid and/or thermal properties. CIFD also represents a continuous fluid
material as a set of discrete elements. A CFD element is often referred to as a cell, a finite
difference cell, or a finite volume. However, for ease of reference, the term element is used
throughout the present disclosure for CFD models. Unless otherwise stated, a reference to an
element, in context of CFD, can refer to a cell, a finite difference cell, or a finite volume, as will
be understood by one of ordinary skill in the art. In CEFD, the fluid behavior is calculated for the
elements, using equations that describe fluid behavior. For example, CED often employs the
Navier-Stokes equations, or variations thereof. The equations are solved iteratively, to represent
the fluid behavior of the material as a whole.

Commercially available software can be used to conduct CAE. Abaqus, from SIMULIA
in Providence, RI, and L.SDyna from Livermore Software Technology Corp. in Livermore, CA,
are examples of commercially available FEA software. Fluent, from ANSYS, Inc. in
Canonsburg, PA, Flow3D, from Flow Science, Inc. in Santa Fe, NM, and FeFlow from DHI-
WASY in Berlin, Germany are examples of commercially available CEFD software.
Alternatively, CAE software can be written as custom software. CAE software can be run on
various computer hardware, such as a personal computer, a minicomputer, a cluster of
computers, a mainframe, a supercomputer, or any other kind of machine on which program
instructions can execute to perform CAE functions.

CAE software can represent a number of real world things, such as absorbent articles. An
absorbent article can receive, contain, and absorb bodily exudates (e.g. urine, menses, feces, etc.).
Absorbent articles include products for sanitary protection, for hygienic use, and the like.

Some absorbent articles are wearable. A wearable absorbent article is configured to be
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worn on or around a lower torso of a body of a wearer. Examples of wearable absorbent articles
include diapers and incontinence undergarments.

Some absorbent articles are disposable. A disposable absorbent article is configured to be
disposed of after a single use (e.g., not intended to be reused, restored, or laundered). Examples
of disposable absorbent articles include disposable diapers, disposable incontinence
undergarments, as well as feminine care pads and liners.

Some absorbent articles are reusable. A reusable absorbent article is configured to be
partly or wholly used more than once. A reusable absorbent article is configured such that part or
all of the absorbent article is durable, or wear-resistant to laundering, or fully launderable. An
example of a reusable absorbent article is a diaper with a washable outer cover.

CAE can be used to design, simulate, and/or evaluate all kinds of absorbent articles, their
features, materials, structures, and compositions, as well as their performance characteristics,
such as swelling and deformation.

Figure 1 is a chart illustrating a method 100 of steps 110-170 for using computer based
models for simulating the physical behavior of bodily fluids with the absorbent article. Although
the steps 110-170 are described in numerical order in the present disclosure, in various
embodiments some or all of these steps can be performed in other orders, and/or at overlapping
times, and/or at the same time, as will be understood by one of ordinary skill in the art.

The method 100 includes a first step 110 of representing an absorbent article with a
computer based model. In various embodiments, the model can represent a fastenable absorbent
article, or a pant-type absorbent article, or a feminine pad, or another kind of absorbent article.
The model of the absorbent article can be created as described in connection with the
embodiments of Figures 2A-2C. In the first step 100, the model may represent the absorbent
article in a dry state, wherein the absorbent article has not been wetted or soiled. Alternatively,
in the first step 100, the model may represent the absorbent article in a wet state, wherein the
absorbent article has been partially wetted or soiled.

The method 100 includes a second step 120 of representing a human body with a
computer based model. The model can represent an entire human body or can represent one or
more portions of a human body. If the model represents only a portion of a human body, then the
model should represent one or more portions of a human body to which the absorbent article of
the first step 110 is intended to be fitted. In various embodiments, the model can represent a
male human body, or a female human body, or an androgynous human body (lacking gender

specific anatomical features). The model of the human body can be created as described in
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connection with the embodiments of Figures 3A-3B.

The method 100 includes a third step 130 of transforming the absorbent article by
simulating a fitting of the absorbent article to the human body using FEA. The transforming of
the third step 130 includes a mechanical interaction between the model of the absorbent article
from the first step 110 and the model of the human body of the second step 120. Prior to or
during the third step 130, these models can be brought together. For a wearable absorbent article,
the fitting is a donning of the absorbent article. For a feminine pad or liner, the fitting is a
placement of the absorbent article in an in-use position. The fitting simulated in the third step
130 can be performed as described in connection with the embodiments of Figures 4A-4C.

In the fitting simulated in the third step 130, FEA program instructions can execute to
simulate the mechanical interaction between the model of the absorbent article from the first step
110 and the model of the human body of the second step 120. However, the present disclosure
contemplates that, in an alternate embodiment, part, or parts, or all of the third step 130 can be
performed using another kind of computer based program instructions, as will be understood by
one of skill in the art. The simulation of the third step 130 transforms the model of the absorbent
article from the first step 110 and the model of the human body of the second step 120 to form a
computer based model that represents a fitted absorbent article. For a wearable absorbent article,
the simulation of the third step 130 results in a model that represents the fitted absorbent article
being worn around a lower torso of the human body. For a feminine pad or liner, the simulation
of the third step 130 results in a model that represents the fitted absorbent article positioned
proximate to a pudendal region of the human body. The simulation of the third step 130 may
also result in some deformation in the model of the fitted absorbent article and/or in the model of
the human body.

In an alternate embodiment of the method 100, the second step 120 can be omitted and
the third step 130 can be modified, to simulate a fitting of the absorbent article to a human body,
without using a model of a human body. In this embodiment, boundary conditions can position
and/or constrain the model of the absorbent article from the first step 110 to represent the
absorbent article as if it is being fitted to a human body.

Boundary conditions are defined variables that represent physical factors acting within a
computer based model. Examples of boundary conditions include forces, pressures, velocities,
and other physical factors. Fach boundary condition can be assigned a particular magnitude,
direction, and location within the model. These values can be determined by observing,

measuring, analyzing, and/or estimating real world physical factors. In various embodiments,
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computer based models can also include one or more boundary conditions that differ from real
world physical factors, in order to account for inherent limitations in the models and/or to more
accurately represent the overall physical behaviors of real world things, as will be understood by
one of ordinary skill in the art. Boundary conditions can act on the model in various ways, to
move, constrain, and/or deform one or more parts in the model.

While the alternate approach of representing the absorbent article as if it is being fitted to
a human body may not form a completely realistic representation of the fitted absorbent article, it
may still be used to provide some of the benefits of the method.

The method 100 includes a fourth step 140 of representing a bodily fluid with a computer
based model. In various embodiments, the model can represent a bodily fluid such as urine, or
menses, or another kind of bodily fluid, or runny feces, or a liquid-like bodily exudate. In an
alternative embodiment, a model can represent a solid bodily exudate such as feces.

The method 100 includes a fifth step 150 of transforming the fitted absorbent article by
simulating a provision of a bodily fluid to the fitted absorbent article. Prior to or during the fifth
step 150, these models can be brought together. The simulation of the fifth step 150 can include
one or more of the following: a flow of the model of the bodily fluid of the fourth step 140 from
the model of the human body of the third step 130, a flow of the model of the bodily fluid of the
fourth step 140 through a model of air, a flow of the model of the bodily fluid of the fourth step
140 on a surface of the model of the human body of the third step 130, a flow of the model of the
bodily fluid of the fourth step 140 on an external surface of the model of the fitted absorbent
article of the third step 130, and a flow of the model of the bodily fluid of the fourth step 140
through absorbent material of the model of the fitted absorbent article of the third step 130.

In the provision simulated in the fifth step 150, CFD program instructions can execute to
simulate each of these fluid flows, as described in connection with the embodiment of Figure 5.
However, the present disclosure contemplates that, in an alternate embodiment, part, or parts, or
all of the fifth step 150 can be performed using another kind of computer based program
instructions. The simulation of the fifth step 150 transforms the model of the bodily fluid of the
of the fourth step 140 and the model of the fitted absorbent article from the third step 130 to form
a computer based model that represents a fitted, wet absorbent article. The model of the fitted,
wet absorbent article includes a distribution of the bodily fluid on and/or in the absorbent article.

In the embodiment of the method 100, the simulation of the fifth step 150 does not
include simulating a swelling of the fitted absorbent article; the swelling is simulated in a

subsequent step. In an alternate embodiment, the fifth step 150 can include simulating a partial
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or complete swelling of the fitted absorbent article.

In an alternate embodiment of the method 100, the fifth step 150 may simulate a
provision of a bodily fluid directly to the fitted absorbent article, without simulating a flow of the
bodily fluid. In this alternate embodiment, boundary conditions can position and/or constrain the
model of the bodily fluid to represent a distribution of the bodily fluid in and/or on the model of
the fitted absorbent article.

In this alternate embodiment, the computer based model of the bodily fluid can be
positioned and/or constrained in locations and concentrations that are similar to or the same as
locations and amounts that represent a real world bodily fluid in a real world absorbent article.
These locations and amounts can be determined by measuring actual samples, by using known
values, or by estimating values. For example, real world locations and amounts of a bodily fluid
can be determined by measuring (e.g. by X-ray. magnetic resonance imaging, or by another
process) one or more actual samples of soiled absorbent articles. While this alternate approach
may not form a completely realistic distribution of the bodily fluid, it may still be used to provide
some of the benefits of the method.

The method 100 includes a sixth step 160 of determining a calculated swelling of the
fitted, wet absorbent article by using a computer based model. The swelling determination in the
sixth step 160 can be performed as described in connection with the embodiment of Figure 7.

The method 100 includes a seventh step 170 of transforming the fitted, wet absorbent
article by simulating the swelling of the fitted absorbent article from the bodily fluid. using FEA.
In the swelling simulated in the seventh step 170, FEA program instructions can execute to
simulate the mechanical change in the model of the fitted, wet absorbent article from the fifth
step 150. However, the present disclosure contemplates that, in an alternate embodiment, part, or
parts, or all of the seventh step 170 can be performed using another kind of computer based
program instructions, as will be understood by one of skill in the art. The simulation of the
seventh step 170 transforms the model of the fitted, wet absorbent article from the fifth step 150
to form a computer based model that represents a fitted, wet, swollen absorbent article. The
swelling simulation in the seventh step 170 can be performed as described in connection with the
embodiments of Figures 8A-8B.

After the seventh step 170 is completed, the method can be ended or the method can be
extended by repeating one or more of the previous steps. In the method 100, after the seventh
step 170 is completed, the fourth through seventh steps 140-170 can be repeated, as indicated by

the return arrow in Figure 1. By following this repeat, the method 100 can be used to simulate
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multiple insults of a bodily fluid to the absorbent article. In the real world, an absorbent article is
often worn by a wearer for a wear cycle that includes more than one insult of a bodily fluid. As a
result, by simulating multiple insults of bodily fluid, the method 100 can be used to accurately
represent the real-world use of an absorbent article.

In various embodiments of the method 100, the model of the human body of the second
step 120 can be constrained to assume one or more particular positions or to assume one or more
changes in position, as described herein, during the second step 120 and/or before, during, or
after any of the subsequent steps. For example, during the fitting of the third step 130, the model
of the human body can be constrained to assume a lying position. As another example, during
the fitting of the third step 130, the model of the human body can be constrained to assume
change in positions (e.g. a natural body movement

In some embodiments of the method 100, one or more environmental objects and/or
environmental conditions can physically interact with part, or parts, or all of the model of the
absorbent article of the first step 110, as described herein, during the first step 110 and/or before,
during, or after any of the subsequent steps. For example, during the fitting of the third step 130,
a model of a changing surface can physically interact with the model of the absorbent article.

In some embodiments of the method 100, one or more environmental objects and/or
environmental conditions can physically interact with part, or parts, or all of the model of the
human body of the second step 120, as described herein, during the second step 120 and/or
before, during, or after any of the subsequent steps. For example, during the fitting of the third
step 130, a model of a changing surface can physically interact with the model of the human
body.

In some embodiments of the method 100, one or more environmental objects and/or
environmental conditions can physically interact with part, or parts, or all of the model of the
bodily fluid of the fourth step 140, as described herein, during the fourth step 140 and/or before,
during, or after any of the subsequent steps. For example, during and after the fourth step 140, a
model of the force of gravity can physically interact with the model of the bodily fluid.

Figures 2A-2C illustrate computer based models of various absorbent articles. For
clarity, Figures 2A-2C do not illustrate all details of the absorbent articles.

Figure 2A is an inside plan view illustrating a computer based model 211A of a front-
fastenable wearable absorbent article 212A. The present disclosure contemplates that, a model of
an absorbent article that is configured to be front-fastenable can also be configured to be rear

fastenable or side-fastenable, as will be understood by one of ordinary skill in the art.
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The front-fastenable wearable absorbent article 212A includes a wearer-facing external
surface 213 A, a garment-facing external surface 215A, and an absorbent material 214A. The
absorbent material 214 A is disposed between the wearer-facing external surface 213A and the
garment-facing external surface 215A.

The wearer-facing external surface 213A is a layer of one or more materials that form at
least a portion of an inside of the front-fastenable wearable absorbent article and faces a wearer
when the absorbent article 212A is worn by the wearer. In Figure 2A, a portion of the wearer-
facing external surface 213A is illustrated as broken-away, in order to show the garment-facing
external surface 215A. A wearer-facing external surface is sometimes referred to as a topsheet.
The wearer-facing external surface 213A is configured to be liquid permeable, such that bodily
fluids received by the absorbent article 212A can pass through the wearer-facing external surface
213A to the absorbent material 214A. In various embodiments, a wearer-facing external surface
can include a nonwoven material and/or other materials.

The absorbent material 214A is disposed subjacent to the wearer-facing external surface
213A and superjacent to the garment-facing external surface 215A, in at least a portion of the
absorbent article 212A. In some embodiments, an absorbent material of an absorbent article is
part of a structure referred to as an absorbent core. The absorbent material 214A is configured to
be liquid absorbent, such that the absorbent material 214A can absorb bodily fluids received by
the absorbent article 212A. In various embodiments, an absorbent material can include wood
pulp, or super absorbent polymers (SAP), or another kind of absorbent material, or any
combinations of any of these materials.

The garment-facing external surface 215A is a layer of one or more materials that form at
least a portion of an outside of the front-fastenable wearable absorbent article and faces a
wearer’s garments when the absorbent article 212A is worn by the wearer. A garment-facing
external surface is sometimes referred to as a backsheet. The garment-facing external surface
215A is configured to be liquid impermeable, such that bodily fluids received by the absorbent
article 212 A cannot pass through the garment-facing external surface 213A. In various
embodiments, a garment-facing external surface can include a film and/or other materials.

Figure 2B is an inside plan view illustrating a computer based model 211B of a pant-type
wearable absorbent article 212B. The present disclosure contemplates that, a model of an
absorbent article that is configured to be pant-type can be configured to be side-fastenable or
without fasteners, as will be understood by one of ordinary skill in the art.

The pant-type wearable absorbent article 212B includes a wearer-facing external surface
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213B, a garment-facing external surface 215B, and an absorbent material 214B, which are each
generally configured in the same manner as the like-numbered element in the embodiment of
Figure 2A.

Figure 2C is an inside plan view illustrating a computer based model 211C of a feminine
pad absorbent article 212C. The feminine pad absorbent article 212C includes a wearer-facing
external surface 213C, a garment-facing external surface 215C, and an absorbent material 214C,
which are each configured in a manner similar to the like-numbered element in the embodiments
of Figures 2A and 2B.

Each of the computer based models 211A, 211B, and 211C can be created as described
below, with general references to a computer based model of an absorbent article. A computer
based model that represents an absorbent article can be created by providing dimensions and
material properties to modeling software and by generating a mesh for the article using meshing
software.

A computer based model of an absorbent article can be created with dimensions that are
similar to or the same as dimensions that represent parts of a real world absorbent article. These
dimensions can be determined by measuring actual samples, by using known values, or by
estimating values. Alternatively, a model of an absorbent article can be configured with
dimensions that do not represent a real world absorbent article. For example, a model of an
absorbent article can represent a new variation of a real world absorbent article or can represent
an entirely new absorbent article. In these examples, dimensions for the model can be
determined by varying actual or known values, by estimating values, or by generating new
values. The model can be created by putting values for the dimensions of parts of the absorbent
article into the modeling software.

The computer based model of the absorbent article can be created with material properties
that are similar to or the same as material properties that represent a real world absorbent article.
These material properties can be determined by measuring actual samples, by using known
values, or by estimating values. Alternatively, a model of an absorbent article can be configured
with material properties that do not represent a real world absorbent article. For example, a
model of an absorbent article can represent a new variation of a real world absorbent article or
can represent an entirely new absorbent article. In these examples, material properties for the
model can be determined by varying actual or known values, by estimating values, or by
generating new values.

The computer based model of the absorbent article can be created with a mesh for the
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parts of the article. A mesh is a collection of small, connected polygon shapes that define the set
of discrete elements in a CAE computer based model. The type of mesh and/or the size of
elements can be controlled with user inputs into the meshing software, as will be understood by
one of ordinary skill in the art. In an exemplary embodiment, an external surface of an absorbent
article can be created by using shell elements, such as linear triangular elements (also known as
S3R elements) with an element size of about 1.5 millimeters, to represent a nonwoven material.
Also, in an exemplary embodiment, an SAP absorbent material can be created by using solid
elements, such as linear hexahedral elements (also known as C3D8R elements) with an element
size of about 1.5 millimeters.

Figure 3A is a front view illustrating a computer based model 321 that represents a
portion of a male human body 322. The male human body 322 includes a male pee point 323, a
support structure 324 A, and a flesh structure 325A. The male pee point 323 is located in an
anatomically correct location, which is the urethral opening at the end of the penis. The support
structure 324 A provides an approximation of a skeletal system of a human body. In various
embodiments, the support structure 324 A can be configured to allow the male human body 322
to move in a manner that is similar to or the same as real-world movements of the human body.

The flesh structure 325A provides an approximation of the skin, tissue, muscle, and
organs of a male human body. In the embodiment of Figure 3A, the flesh structure 325A is
intended to represent the portion of the male human body 322 that is not represented by the
support structure 324A. However, in alternate embodiments, the skin, tissue, muscle, and/or
organs of a human body can be represented by a number of separate structures.

In embodiments wherein the support structure 324 A allows the male human body 322 to
move, the flesh structure 324 A can be configured to follow the support structure in such
movements. In various embodiments, the flesh structure 325A can be configured to deform in a
manner that is similar to or the same as real-world deformation of the human body.

In various embodiments, wherein the male human body 322 can move, the computer
based model of the male human body 321 can be constrained to assume one or more particular
positions, or to assume one or more changes in position. The particular positions can include
lying down, sitting, on hands and knees, kneeling, standing, or any other position that can
represent a real world body position, or variations of any of these. The changing of positions can
include twisting, turning, leaning, rocking, rolling, crawling, cruising, walking, jumping, running,
or any other change of positions that can represent a real world body movement, or variations of

any of these. The changing of positions can be accomplished by moving the model through the
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positions in series, by moving the model in a discontinuous fashion, or by moving the model in a
continuous fashion. In various embodiments, the model of the male human body 321 can be
configured to assume changes in position that are similar to or the same as a human body’s
natural range of motion.

Figure 3B is a front view illustrating a computer based model 326 that represents a
portion of a female human body 327. The female human body 327 includes a support structure
324B, a flesh structure 325B, a female pee point 328, and a vaginal opening 329. The female pee
point 328 is located in an anatomically correct location, which is the urethral opening in the
center of the pudendal region. The vaginal opening 328 is also located in an anatomically correct
location, which is at the rear of the pudendal region. The support structure 324B is generally
configured in a manner similar to the like-numbered element in the embodiment of Figure 3A.
The flesh structure 325A provides an approximation of the skin, tissue, muscle, and organs of a
female human body, and is otherwise generally configured in a manner similar to the like-
numbered element in the embodiment of Figure 3A. The female human body 327 can be
constrained to assume one or more particular positions or to assume a change in position, in the
same way as the male human body 322.

Each of the computer based models 321 and 326 can represent a human body of any age,
including, for example: as an infant, a toddler, a child, an adolescent, a young adult, a middle-
aged adult, an older adult, or an elderly person. Each of the computer based models 321 and 326
can represent a human of any body type, including, variations in size and shape.

Each of the computer based models 321 and 326 can be created as described below, with
general references to a computer based model of a human body. A computer based model that
represents a human body can be created by providing dimensions and material properties to
modeling software and by generating a mesh for the article using meshing software.

A computer based model of a human body can be created with dimensions that are similar
to or the same as dimensions of one or more real world human bodies. These dimensions can be
determined by measuring bodies, by using known values, or by estimating values. The model
can be created by putting values for dimensions of the human body into the modeling software.

The computer based model of the human body can be created with material properties
that are similar to or the same as material properties that represent a real world human body.
These material properties can be determined by measuring actual samples, by using known
values, or by estimating values.

The computer based model of the human body can be created with a mesh for the parts of
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the body. In an exemplary embodiment, a support structure of a human body can be created by
using shell elements, such as S3R, defined as rigid element sets, with an element size of about
6.5 millimeters. Also, in an exemplary embodiment, a flesh structure of a human body can be
created by using deformable, solid elements, such as C3D4 with an element size of about 4
millimeters.

Figure 4A is a front view illustrating a computer based model 420A representing a pant-
type wearable absorbent article 411B fitted to a portion of a male human body 421. The model
of the pant-type wearable absorbent article 411B can be configured in the same way as the model
211B of Figure 2B. The model of the male human body 421 can be configured in the same way
as the model 321 of Figure 3A. In an alternate embodiment, a computer based model can
represent a pant-type wearable absorbent article fitted to a portion of a female human body,
wherein the model of the female human body can be configured in the same way as the model
326 of Figure 3B. In various embodiments, the model 420A may also include one or more
garments worn by the human body.

Figure 4B is a front view illustrating a computer based model 420B representing a front-
fastenable wearable absorbent article 411A fitted to a portion of a female human body 426. The
model of the front-fastenable wearable absorbent article 411A can be configured in the same way
as the model 211A of Figure 2A. The model of the female human body 426 can be configured in
the same way as the model 326 of Figure 3B. In an alternate embodiment, a computer based
model can represent a front-fastenable wearable absorbent article fitted to a portion of a male
human body, wherein the model of the male human body can be configured in the same way as
the model 321 of Figure 3A. In various embodiments, the model 420B may also include one or
more garments worn by the human body.

Each of the computer based models 420A and 420B can be created as described below,
with general references to computer based models of wearable absorbent articles and human
bodies. In a computer based model, a model of a human body can don a model of a wearable
absorbent article in various ways. As a first example, a model of a wearable absorbent article can
be positioned and/or constrained to represent the absorbent article as if it is being fitted to a
human body, and the model of the human body can then be positioned inside of the wearable
absorbent article.

As a second example, a model of a wearable absorbent article can be fitted to a model of
a human body in a manner that is similar to or the same as real-world movements of a human

body donning a wearable absorbent article. As an example, for a front-fastenable wearable
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absorbent article, the fitting may include rotating the legs of the human body and fastening the
article around the lower torso of the body. As another example, for a pant-type wearable
absorbent article, the fitting may include spreading the legs of the human body and pulling the
article up unto the lower torso of the body.

Figure 4C is a front view illustrating a computer based model 420C representing a
feminine pad absorbent article 411C fitted to a portion of a female human body 426 inside of a
garment 416 worn by the female human body 426. The model of the feminine pad absorbent
article 411A can be configured in the same way as the model 211C of Figure 2C. The model of
the female human body 426 can be configured in the same way as the model 326 of Figure 3B.
In the embodiment of Figure 4C, the garment 416 is holding the feminine pad absorbent article
411A in an in-use position.

The garment 416 can be any kind of garment, such as an undergarment. A computer
based model that represents a garment can be created by providing appropriate dimensions and
material properties to modeling software and by generating a mesh for the garment using
meshing software. In various embodiments, the model 420C may also include one or more
additional garments worn by the human body.

The computer based model 420C can be created as described below, with general
references to computer based models of feminine absorbent articles and human bodies. In a
computer based model, a model of a feminine wearable absorbent article can be placed in an in-
use position for a model of a human body in various ways. A model of a feminine absorbent
article can be fitted to a model of a human body in a manner that is similar to or the same as real-
world movements of a human body placing the article in an in-use position. As an example, a
model of a garment can be positioned and/or constrained to represent the garment as if it is being
fitted to a human body, a model of a feminine wearable absorbent article can be positioned
and/or constrained to represent the article as if it is being held by the garment, and the model of
the human body can then be positioned inside of the garment.

In an alternate embodiment of the model 420C, the garment 416 can be omitted and the
model 420C can be modified, to simulate a fitting of the absorbent article to a human body
without using a garment. In this embodiment, boundary conditions can position and/or constrain
the model of the feminine pad absorbent article 411A to represent the feminine pad absorbent
article 411A as if it is being fitted to a human body. While this alternate approach may not form
a completely realistic representation of the fitted absorbent article, it may still be used to provide

some of the benefits of the model.
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Each of the computer based models 420A, 420B, and 420C can be created as described
below, with general references to computer based models of absorbent articles, garments, and
human bodies. In a computer based model, the fitting of an absorbent article to a human body
may represent an ideal fit as intended by the manufacturer of the absorbent article, or the fitting
may represent a less than ideal fit as sometimes occurs in the real-world use of absorbent articles.
Additionally, a computer based model can represent the removal of an absorbent article from a
human body, in various ways. These approaches can be accomplished with the use of boundary
conditions in the models, as will be understood by one of skill in the art.

A computer based model that represents a human body and an absorbent article can also
include a representation of part, or parts, or all of one or more environmental objects and/or one
or more environmental conditions. An environmental object can be any object that would
physically interact with an absorbent article or a human body in the real-world. For example, an
environmental object can be a changing surface, on which a human body is placed when fitting
an absorbent article to the body. An environmental condition can be any condition that would
physically interact with an absorbent article or a human body in the real-world. As examples, an
environmental condition can be gravity, hot or cold temperatures, etc.

A computer based model that represents a human body and an absorbent article can
include defined interactions between its parts. Defined interactions are prescribed terms that
govern physical relationships within a computer based model. Examples of defined interactions
include terms that govern the presence, absence, or magnitude of contact, friction, relative
movement, and other physical relationships. Fach defined interaction can be assigned a
particular value and extent within the model. These interactions can be determined by observing,
measuring, analyzing, and/or estimating real world physical interactions. In various
embodiments, computer based models can also include one or more defined interactions that
differ from real world physical interactions, in order to account for inherent limitations in the
models and/or to more accurately represent the overall physical behaviors of real world things, as
will be understood by one of ordinary skill in the art. Defined interactions can act on the model
in various ways, to allow, prohibit, amplify, or limit one or more physical relationships in the
model.

Each of the models 420A, 420B, and 420C includes defined interactions that allow part,
or parts, or all of the human body to physically interact with part, or parts, or all of the absorbent
article. When a model includes a garment, the model can include defined interactions that allow

part, or parts, or all of the garment to physically interact with part, or parts, or all of the absorbent
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article, and/or to physically interact with part, or parts, or all of the human body. When a model
includes environmental objects or conditions, the model can include defined interactions that
allow part, or parts, or all of the environmental objects or conditions to physically interact with
part, or parts, or all of the absorbent article, and/or to physically interact with part, or parts, or all
of the human body.

Figure 5 is a chart illustrating a method 500 of using computer based models for
simulating the discharge and flow of a bodily fluid in an absorbent article. Part, or parts, or all of
the method 500 can be used in the fifth step 150 of the method 100 of the embodiment of
Figure 1. Accordingly, in the description of the method 500, a reference to an absorbent article
refers to a computer based model of an absorbent article, as described in connection with the first
step 110 and the third step 130 of the method 100 of the embodiment of Figure 1, and a reference
to a human body refers to a computer based model of a human body, as described in connection
with the second step 120 and the third step 130 of the method 100 of the embodiment of Figure 1.
The steps of the method 500 are also explained in relation to the embodiments of Figures 6A-6C,
as described below. Although the steps 551-555 are described in numerical order in the present
disclosure, in various embodiments some or all of these steps can be performed in other orders,
and/or at overlapping times, and/or at the same time, as will be understood by one of ordinary
skill in the art.

The method 500 includes a first step 551 of simulating a flow of bodily fluid as it is
discharged from the human body. The discharge in the first step 551 can simulate a discharge of
urine from a male human body, as illustrated in the embodiment of Figure 6A, a discharge of
urine from a female human body, as illustrated in the embodiment of Figure 6B, a discharge of
menses from a female human body, as illustrated in the embodiment of Figure 6C, or a discharge
of any kind of bodily fluid from a male human body, a female human body, or an androgynous
human body.

A computer based model that represents a bodily fluid can be created by providing
volume and material properties to modeling software and by generating a mesh for the fluid
using meshing software. A computer based model of a bodily fluid can be created with a volume
that is similar to or the same as a volume of one or more discharges from real world human
bodies. These volumes can be determined by measuring discharges of bodily fluids, by using
known values, or by estimating values. The model can be created by putting values for a volume
of the bodily fluid into the modeling software. The computer based model of the human body

can be created with fluid properties that are similar to or the same as fluid properties that
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represent a real world bodily fluid. These material properties can be determined by measuring
actual samples, by using known values, or by estimating values.

In general, urine can be modeled as a non-viscous or Newtonian viscous fluid, similar to
water. In an exemplary embodiment, a model of a bodily fluid can be created by using structured
mesh cells, such as finite volumes with a cell size of about 1 millimeter, to represent urine.
Menses can have varying consistencies, which can be modeled in various ways, as a viscous or
non-viscous fluid, having Newtonian or non-Newtonian properties. In an exemplary
embodiment, a model of a bodily fluid can be created by using structured mesh cells, such as
finite volumes with a cell size of about 1 millimeter, to represent menses.

If the model of the human body is androgynous, then the location and orientation of the
discharge of the model of the bodily fluid can be approximated with reference to the human
body. DFor example, the discharge may be provided from a front or central portion of an outside
of a crotch of the model of the androgynous human body. Similarly, in an alternate embodiment
of the method 500, wherein a model of a human body is not used, the location and orientation of
the discharge of the model of the bodily fluid may be approximated with reference to the model
of the absorbent article. For example, the discharge may be provided to a front or central portion
of an inside of a crotch of the model of the absorbent article.

In an alternate embodiment of the method 500, the first step 551 can be omitted, and the
model of the bodily fluid can be provided to the model of the absorbent article without simulating
a discharge from a human body.

The method 500 includes a second step 552 of simulating a flow of the model of bodily
fluid through a model of air. A computer based model that represents air can be created by
providing dimensions and air properties to modeling software and by generating a mesh for the
air using meshing software. In an alternate embodiment of the method 500, the second step 552
can be omitted, and the model of the bodily fluid can be provided to the model of the absorbent
article without simulating a movement through air.

The method 500 includes a third step 553 of simulating a flow of the model of bodily
fluid on a surface of the model of the human body. In an alternate embodiment of the method
500, the third step 553 can be omitted, and the model of the bodily fluid can be provided to the
model of the absorbent article without simulating a flow of the model of bodily fluid on a surface
of the model of the human body.

The method 500 also includes a fourth step 554 of simulating a flow of the model of

bodily fluid on a surface of the model of the absorbent article. In an alternate embodiment of the
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method 500, the fourth step 554 can be omitted, and the model of the bodily fluid can be
provided to the model of the absorbent article without simulating a flow of the model of bodily
fluid on a surface of the model of the absorbent article.

The method 500 also includes a fifth step 555 of simulating a flow of the model of bodily
fluid through absorbent material of the model of the absorbent article. In an alternate
embodiment of the method 500, the fifth step 554 can be omitted, and the model of the bodily
fluid can be provided to the model of the absorbent article without simulating a flow of the model
of bodily fluid through absorbent material of the model of the absorbent article.

Figure 6A is a front view illustrating a computer based model 650A simulating a urine
discharge 651A from a portion of a male human body 621 to a pant-type wearable absorbent
article 611B that is fitted to the male human body 621. The model 650A is configured in the
same way as the model 420A of Figure 4A.

The pant-type wearable absorbent article 611B includes a wearer-facing external surface
613B, an absorbent material 614B, and a garment-facing external surface 615B, which are each
configured in the same manner as the like-numbered element in the embodiment of Figure 2B.
The male human body 621 includes a male pee point 623, which is configured in the same
manner as the like-numbered element in the embodiment of Figure 3A.

In Figure 6A, the urine discharge 651A originates from the male pee point 623 and flows
through air to the wearer-facing external surface 613B of the pant-type absorbent article 611B.
The urine then flows on and/or through the wearer-facing external surface 613B, as well as into
and/or through the absorbent material 614B. As part of the simulating, urine may also flow on an
external surface of the male human body 621. CIFD program instructions can execute to simulate
each of these fluid flows.

Figure 6B is a front view illustrating a computer based model 650B simulating a urine
discharge 651B from a female human body 626 to a front-fastenable wearable absorbent article
611A that is fitted to the female human body 626. The model 650B is configured in the same
way as the model 420B of Figure 4B.

The front-fastenable wearable absorbent article 611A includes a wearer-facing external
surface 613A, an absorbent material 614A, and a garment-facing external surface 615A, which
are each configured in the same manner as the like-numbered element in the embodiment of
Figure 2A. The female human body 626 includes a female pee point 628, which is configured in
the same manner as the like-numbered element in the embodiment of Figure 3B.

In Figure 6B, the urine discharge 651B originates from the female pee point 628 and
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flows on an external surface of the female human body 626 and/or through air to the wearer-
facing external surface 613A of the front-fastenable absorbent article 611A. The urine then
flows on and/or through the wearer-facing external surface 613A, as well as into and/or through
the absorbent material 614A. CFD program instructions can execute to simulate each of these
fluid flows.

Figure 6C is a front view illustrating a computer based model 650C simulating a menses
discharge 651C from a female human body 626 to a feminine pad wearable absorbent article
611C that is inside of a garment 616 and fitted to the female human body 626. The model 650C
is configured in the same way as the model 420C of Figure 4C.

The feminine pad wearable absorbent article 611C includes a wearer-facing external
surface 613C, an absorbent material 614C, and a garment-facing external surface 615C, which
are each configured in the same manner as the like-numbered element in the embodiment of
Figure 2C. The female human body 626 includes a vaginal opening 629, which is configured in
the same manner as the like-numbered element in the embodiment of Figure 3B. The garment
616 is configured in the same manner as the like-numbered element in the embodiment of Figure
4C.

In Figure 6C, the menses discharge 651C originates from the female vaginal opening 629
and flows on an external surface of the female human body 626 and/or through air to the wearer-
facing external surface 613C of the feminine pad absorbent article 611C. The menses then flows
on and/or through the wearer-facing external surface 613C, as well as into and/or through the
absorbent material 614C. CFD program instructions can execute to simulate each of these fluid
flows.

Figure 7 is a chart illustrating a method 760 of using computer based models for
determining a swelling of an absorbent material in an absorbent article from a provision of a
bodily fluid. Part, or parts, or all of the method 760 can be used in the sixth step 160 of the
method 100. Accordingly, in the description of the method 760, a reference to an absorbent
article refers to a computer based model of an absorbent article, and a reference to a human body
refers to a computer based model of a human body, as described in connection with the method
100 of the embodiment of Figure 1. Further, in the description of the method 760, a reference to
an element refers to an exemplary element in a set of discrete elements, wherein each element
represents a volume including absorbent material of the absorbent article.

The method 760 is intended to be performed in an iterative fashion. FEach iteration of the

method 760 is performed in a particular time step, which governs the time-dependent physical
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behavior of the bodily fluid and the absorbent material. The method 760 is also intended to be
performed for each element in the set of discrete elements. Although the steps 761-766 are
described in numerical order in the present disclosure, in various embodiments some or all of
these steps can be performed in other orders, and/or at overlapping times, and/or at the same
time, as will be understood by one of ordinary skill in the art.

The method 760 includes a first step 761 of determining an amount of free bodily fluid
currently in the element. As used herein, the term free bodily fluid refers to a bodily fluid that is
not absorbed within an absorbent material, but is free to move in, on, or through the absorbent
article or be absorbed by the absorbent material. The amount of free bodily fluid currently in the
element can be determined based on the amount of free bodily fluid previously in the element,
the amount of the bodily fluid previously absorbed by absorbent material in the element, the
amount of the bodily fluid flowing into the element, and the amount of the bodily fluid flowing
out of the element. This relationship can be expressed as follows:

M e pruia curr = Miree fluid prev — Mpuid abs prev + Mia in — Mipuid ow
Each of these variables can be expressed as a value in grams, or another appropriate unit of mass.

In an alternate embodiment, these variables can be expressed in units of volume,

M free fluid prev TEPresents the mass of the free bodily fluid in the element, at the beginning

of the first step 761. In an initial iteration of the method 760, a value for M free fluid prev CaN be

determined from a simulated provision of bodily fluid to the element. The provision of a free
bodily fluid can be simulated as described in connection with the fifth step 150 of the method
100 of the embodiment of Figure 1. Alternatively, the provision can be simulated by another

computer based model of a free bodily fluid, as described herein or as known to one of skill in

the art. When the method 760 is performed in an iterative fashion, M free fluid curr from a first
iteration of the method can be used as Mf,ee fluid prev 1N @ second iteration of the method.

M fluid abs prev TEPTEsents the mass of the bodily fluid previously absorbed by the absorbent
material in the element. In an initial iteration of the method 760, a value for M, fluid abs €aN be set
to zero. When the method 760 is performed in an iterative fashion, M, fuid abs curr from the fifth
step 765 of a first iteration of the method can be used as M, fluid abs prev 1 the first step 761 of a

second iteration of the method. Alternatively, M fluid abs prev €an be determined by another
computer based model of absorption, as described herein or as known to one of skill in the art.

M fuid in TEPTEsents the mass of the bodily fluid flowing into the element, during the first
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step 761. M fuid our TEPresents the mass of the bodily fluid flowing out of the element, during the

first step 761. The bodily fluid can flow into and out of the element, M. ‘fuid in @A M fuid ow CAN
be determined by using fluid dynamics. Program instructions, such as CID program instructions,
can execute to use fluid dynamics to determine the flow of the bodily fluid into and out of the
element.

M free fluid curr TEPTESENLS the calculated mass of the free bodily fluid in the element, at the

end of the first step 761. Program instructions can execute to calculate M free fluid curr from the
equation shown above. In an alternate embodiment of the method 760, the first step 761 can be
omitted and M, free fluid curr €A0 be determined by another computer based model of free bodily
fluid in an element of absorbent material, as described herein or as known to one of skill in the
art. For example, models for simulating the physical behavior of bodily fluids with absorbent
articles can be found in US patent application publication 2009/0099793, “Method for Evaluation
of Absorption Behavior of Absorbent Articles” by Rosati, et al.

The method 760 includes a second step 762 of determining a current saturation level of
the bodily fluid in the element. The current saturation level in the element can be determined
based on the amount of free bodily fluid in the element, the density of the bodily fluid, the
porosity of the absorbent material in the element, and the volume of the element. This

relationship can be expressed as follows:

S iy M freefluidcurr
elementcurr —
(p Jluid Xgabs XQelementcurr )

M free fluid curr TEPTESENLS the mass of the free bodily fluid in the element during the second

step 762. M free fluid curr €N be determined as described in connection with the first step 761.
Pruia Tepresents the density of the bodily fluid and is expressed in grams/cubic centimeter,
or other appropriate units of density. py,qs can be determined by measuring actual samples, by

using known values, or by estimating values for the density of the bodily fluid. In some
embodiments, the density of water can be used as an approximate value for the density of urine.

In other embodiments, a density of 1.04 grams/cubic centimeter can be used as an estimated
value for the density of menses. In the embodiment of Figure 7, pg,;q is a constant value,
&4bs Tepresents a porosity of the absorbent material, during the second step 762. Porosity

is the degree to which the absorbent material occupies the element. &, is a unitless value. An
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£aps value of 1.0 represents a complete absence of absorbent material from the element. An &,

value of 0.0 represents a presence of absorbent material throughout the entire element. &, can

be determined from the model of the absorbent article, as described in connection with the first

step 110 of the method 100 of the embodiment of Figure 1. Program instructions can execute to

calculate ,,; based on the amount of the absorbent material in the element and the geometry of

the element. Alternatively, &, can be determined by measuring actual samples, by using known
values, or by estimating values for the porosity of the absorbent material.

Q 1oment curr TEpresents the volume of the element, during the second step 762.
Q tement curr 18 €xpressed in cubic centimeters, or other appropriate units of volume. In an initial

iteration of the method 760, £2.jemen: curr €an be determined from the model of the absorbent
article, as described in connection with the first step 110 of the method 100 of the embodiment of

Figure 1. Program instructions can execute to calculate £ mens curr Dased on the geometry of the
element. When the method 760 is performed in an iterative fashion, £,/ mens nexs from the sixth

step 766 of a first iteration of the method can be used as £2,/omens curr in the second step 762 of a
second iteration of the method.

Setement curr TEPrEsents the current saturation of the element by the free bodily fluid, at the
end of the second step 762. Seiement curr 15 a unitless value, Program instructions can execute to

calculate Sejement curr from the equation shown above.

In one alternate embodiment of the method 760, the second step 762 can be omitted and
Setement curr can be determined by another computer based model of saturation, as described
herein or as known to one of skill in the art. In other alternate embodiments of the method 760,
the second step 762 can be omitted and S, mens curr Can be determined by measuring actual
samples, by using known values, or by estimating values for the saturation of the element.

The method 760 includes a third step 763 of determining a contact time between the
bodily fluid in the element and the absorbent material in the element. The contact time in the
element can be determined based on the saturation of the absorbent material in the element. This
relationship can be expressed as follows:

tcurrent

= [ s d

tcom‘actcurr element

0

Setemen: TEpresents the saturation of the element by the free bodily fluid over time, from
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the beginning of the first iteration of the method 760 (r = 0) to the third step 763 of the current
iteration of the method 760. S,jemen: can be determined by plotting S,. nens curr Versus real world
time for each iteration of the method 760. S.jemens curr an be determined for each iteration as
described in connection with the second step 762.

! urrens T€presents the total real world time elapsed from the beginning of the first iteration
of the method 760 to the third step 763 of the current iteration of the method 760. 7., e 1S
expressed as a value in seconds, or another appropriate unit of time. Program instructions can
execute to calculate 7., .,; by summing up the time values for each of the previous iterations.

L contact curr TEPTESents the current contact time between the bodily fluid in the element and
the absorbent material in the element. .,.qcr curr 1S €Xpressed as a value in seconds, or another
appropriate unit of time. Program instructions can execute to calculate 7.,,1qcs e from the
relationship shown above, by integrating S, nen: Over time, from the beginning of the first
iteration of the method 760 (f = 0) to f,,;rens, as will be understood by one of skill in the art. In

other words, f.onict curr €an be calculated by summing up the S,jemens curr values for each of the

iterations.

In one alternate embodiment of the method 760, the third step 763 can be omitted and
! contact curr €20 be determined by another computer based model of contact time, as described
herein or as known to one of skill in the art. In other alternate embodiments of the method 760,
the third step 763 can be omitted and 7,401 curr Can be determined by measuring actual samples,
by using known values, or by estimating values for the contact time within the element.

The method 760 includes a fourth step 764 of determining a current rate of absorption for
the absorbent material in the element. The current rate of absorption can be determined based on
the mass of the bodily fluid absorbed by the absorbent material in the element current, which can
be determined as a function of the current contact time between the bodily fluid in the element
and the absorbent material in the element. This relationship can be expressed as follows:

W _AM gidabs « )
fluidabscurr ~— d =/ contactcurr

M fuidabs TEPresents the mass of the bodily fluid absorbed over contact time, from the
beginning of the first iteration of the method 760 (f.onie; = 0) to the fourth step 764 of the current

iteration of the method 760. M fiuidabs can be determined by plotting M fuidabscurr VETSUS
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! contact curr TOT €ach iteration of the method 760. M, fluidabscurr caN be determined for each iteration

as described in connection with the fifth step 765. .onacr curr €20 be determined for each iteration

as described in connection with the third step 763.

M

fuidabscurr represents the current mass flow rate for the absorption of the bodily

fluid by the absorbent material in the element. M can be expressed as a value in

fluidabscurr

grams per second, or another appropriate unit of mass over time. In alternate embodiments, the

absorption flow rate can be expressed in other units. Program instructions can execute to

calculate M from the relationship shown above by taking the differential of

fluidabscurr

M fuidabs With respect to time, and determining M at the current contact time, as

fluidabscurr

will be understood by one of skill in the art. In other words, M can be calculated by

fluidabscurr
determining the rate of change for the plot of M, fuidabs AU Leontact curr
The method 760 includes a fifth step 765 of determining a current amount of the bodily
fluid that is absorbed by the absorbent material in the element during the fifth step 765 of the
current iteration. The current amount of the bodily fluid that is absorbed can be determined
based on the current rate of absorption for the absorbent material in the element and the time step

for the current iteration. This relationship can be expressed as follows:

M fluidabscurr - (M fluidabscurr ¢ tstep)

M

fluidabscurr represents the current mass flow rate for the absorption of the bodily

fluid by the absorbent material in the element. M can be determined as described

fluidabscurr
in connection with the fourth step 764. 1., represents the time step for the current iteration of the
method 760. M, fluid abs curr TEPTEsents the mass of the bodily fluid absorbed by the absorbent
material in the element, during the current iteration. Program instructions can execute to
calculate M, fluid abs curr from the equation shown above.

In various embodiments, the amount of the bodily fluid that is absorbed may be limited
by the amount of free bodily fluid in the element. That is M, free fluid curr MAY limit the

M abs curr Program instructions can execute to calculate Mg,ig aps curr by taking into account

limitations from M., fluid curr-
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In one alternate embodiment of the method 760, the fifth step 765 can be omitted and
M ' fluid abs curr €N be determined by another computer based model of the bodily fluid absorbed by
the absorbent material, as described herein or as known to one of skill in the art. In other
alternate embodiments of the method 760, the fifth step 765 can be omitted and M, fuid abs curr AN
be determined by measuring actual samples, by using known values, or by estimating values for
the bodily fluid absorbed within the element.

The method 760 includes a sixth step 766 of determining a new swollen volume of the
element. The new swollen volume of the element can be determined as a function of the total
mass of the bodily fluid that has been absorbed by the absorbent material in the element, the
porosity of the absorbent material in the element, and the amount of the absorbent material in the
element. This relationship can be expressed as follows:

Qetement next = Jf (Mfiid abs curr totr €absy Mabs mari)

M fluid abs curr 10 T€PTESents the total mass of the bodily fluid that has been absorbed by the
absorbent material in the element, as of the current iteration. M, fluid abs curr 10r €8N be expressed as

a value in grams, or another appropriate unit of mass. In an alternate embodiment, the amount of

the bodily fluid absorbed in the element can be expressed in units of volume. Program

instructions can execute to calculate M fluid abs curr 10r DY Summing up the M fluid abs curr Values for
each of the iterations. &, represents a porosity of the absorbent material, and can be determined
as described in the second step 762. M 5 nas TEpresents the mass of the absorbent material.

M 1, man can be expressed as a value in grams, or another appropriate unit of mass. In an
alternate embodiment, the amount of the absorbent material in the element can be expressed in

units of volume. £2.1emens nex: TEPresents the new swollen volume of the element, at the end of the
sixth step. £2,jement nexs 18 €xpressed in cubic centimeters, or other appropriate units of volume,

Program instructions can execute to calculate £2,.ens nexs from the relationship shown above, as
will be understood by one of skill in the art.

In the relationship shown above £2,.,en nexs 18 @ function of the variables .ioment currs
M fluid abs currs Eabs) and M 1 nan. This functional relationship can be determined based on
empirical results for a particular absorbent material. In alternate embodiments, £2,e,ens nex: CaN
be expressed as a function of less than all of the variables Mﬂm-d abs currs Eabss ANd M pe . As a

first example, Qejement nex can be expressed as a function of Mg abs curr a0d Mg man. As a
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second example, £2,mens nex: Can be expressed as a function of M, fluid abs curr a0 Egps. In various

embodiments, £2,jemens nex: Can also be expressed as a function of one or more other variables
describing the physical characteristics of the absorbent material, the bodily fluid, and/or the
element, as will be understood by one of skill in the art.

As an example of the functional relationship described above, the new swollen volume of
the element can be determined based on the total mass of the bodily fluid that has been absorbed
by the absorbent material in the element, the mass of the bodily fluid that has been absorbed per
unit of mass of the absorbent material in the element, the density of the absorbent material in the
element, and the volume fraction of absorbent material in the element. This relationship can be

expressed as follows:

0 _ M fluidabscurrtot
elementnext (XZOCld)(pabs )(fabscurr )

M fluid abs curr 10 T€PTESents the total mass of the bodily fluid that has been absorbed by the

absorbent material in the element, as of the current iteration, as described above.

xload represents the mass of the bodily fluid that has been absorbed per unit of mass of
the absorbent material in the element, as of the current iteration. xload is a unitless value. xload
can be determined by measuring actual samples, by using known values, or by estimating values
for the bodily fluid absorbed within the absorbent material in the element. x/oad can also be
determined as a function of the current contact time, based on empirical results for a particular
absorbent material.

Paps Tepresents the density of the absorbent material and is expressed in grams/cubic
centimeter, or other appropriate units of density. p,ps can be determined by measuring actual
samples, by using known values, or by estimating values for the density of the bodily fluid. In
the embodiment of Figure 7, p ;s 1s a constant value.

Jubscurr TEpresents the volume fraction of absorbent material in the element, as of the
current iteration. [ i a unitless value. f,psc. can be determined by measuring actual
samples, by using known values, or by estimating values for the volume of the absorbent material
within the element. f5c.. can also be determined as a function of the porosity of the absorbent

material in the element, based on empirical results for a particular absorbent material.

By repeating steps 761-766 in iterative fashion, the swelling of an element of absorbent
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material can be determined. By applying this method to the elements of the absorbent material,
the overall swelling of the absorbent material can be determined and can be applied to a
computer based model of the absorbent article, as illustrated in the embodiment of Figures § A-
8B.

Iigure 8A is a cross-sectional side view illustrating a computer based model 830A of an
absorbent article 810A fitted to a portion of a human body 820, wherein the article 810A is in an
unswollen state, as in the third step 130 of the method 100 of the embodiment of Figure 1.

Figure 8B is a cross-sectional side view illustrating a computer based model 870B of the
absorbent article 810B fitted to the portion of the human body 820, wherein the article 810B is in
a swollen state, as in the seventh step 170 of the method 100 of the embodiment of Figure 1.

The dimensions and values disclosed herein are not to be understood as being strictly
limited to the exact numerical values recited. Instead, unless otherwise specified, each such
dimension is intended to mean both the recited value and a functionally equivalent range
surrounding that value. For example, a dimension disclosed as “40 mm” is intended to mean
“about 40 mm.”

Every document cited herein, including any cross referenced or related patent or
application, is hereby incorporated herein by reference in its entirety unless expressly excluded or
otherwise limited. The citation of any document is not an admission that it is prior art with
respect to any invention disclosed or claimed herein or that it alone, or in any combination with
any other reference or references, teaches, suggests, or discloses any such invention. Further, to
the extent that any meaning or definition of a term in this document conflicts with any meaning
or definition of the same term in a document incorporated by reference, the meaning or definition
assigned to that term in this document shall govern.

While particular embodiments of the present invention have been illustrated and
described, it would be obvious to those skilled in the art that various other changes and
modifications can be made without departing from the spirit and scope of the invention. It is
therefore intended to cover in the appended claims all such changes and modifications that are

within the scope of this invention.
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CLAIMS
What is claimed is:
1. A method of simulation, characterized in that the method comprises:

representing (110) at least a portion of an absorbent article (212A, 212B, 213B) with a
computer based model of the absorbent article (211A, 211B, 211C), wherein the absorbent article
includes an absorbent material (214 A, 214B, 214C), and the absorbent material is represented by
a plurality of elements with each of the elements including an amount of the absorbent material;

representing (140) a distribution of a bodily fluid in the article with a computer based
model of the bodily fluid (651A, 651B, 651C);

for each of the elements, determining (766) a calculated swelling, based, at least in part,
on an amount of the bodily fluid absorbed by the absorbent material in the element; and

transforming the model of the absorbent article by simulating (170) a swelling of the
absorbent article, using finite element analysis, based, at least in part, on the calculated swelling
for each of the elements, to form a computer based model (§30A) that represents the portion of

the absorbent article, in a swollen state (810A).

2. The method of claim 1, wherein, for each of the elements, the determining of the

calculated swelling is based, at least in part, on the amount of absorbent material in the element.

3. The method of claim 1, wherein, for each of the elements, the determining of the
calculated swelling is based, at least in part, on a porosity of the absorbent material in the

element.

4, The method of claim 1, including, for each of the elements, determining (765) the amount
of the bodily fluid absorbed by the amount of the absorbent material in the element, based, at

least in part, on an amount of free bodily fluid in the element.

5. The method of claim 1, including, for each of the elements, determining (765) the amount
of the bodily fluid absorbed by the amount of the absorbent material in the element, based, at

least in part, on a time step of the method.

6. The method of claim 1, including, for each of the elements, determining (765) the amount

of the bodily fluid absorbed by the absorbent material in the element, based, at least in part, on a
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rate of absorption of the bodily fluid by the absorbent material in the element.

7. The method of claim 6, including, for each of the elements, determining (764) the rate of
absorption, based, at least in part, on a contact time between the absorbent material in the

element and the free bodily fluid in the element.

8. The method of claim 7, including, for each of the elements, determining (763) the contact

time, based, at least in part, on a saturation level of the element.

9, The method of claim 8, including, for each of the elements, determining (762) the

saturation level based, at least in part, on an amount of the free bodily fluid in the element.

10. The method of claim 9, including, for each of the elements, determining (761) the amount
of the free bodily fluid in the element, based, at least in part, on an amount of the free bodily

fluid in the element absorbed by the absorbent material in the element at a prior time.
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