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1 GENERAL INFORMATION

Based on the recently invented Mechanics of Structure Genome (MSG), SwiftComp™ provides
an efficient and accurate approach for modeling composite materials and structures. It can be used
either independently as a tool for virtual testing of composites or as a plugin to power conventional
FEA codes with high-fidelity multiscale modeling for composites. SwiftComp™ implements a
true multiscale theory which assures the best models at a given level of efficiency to capture both
anisotropy and heterogeneity of composites at the microscopic scale or any other scale of user’s
interest. SwiftComp™ enables engineers to model composites as a black aluminum, capturing
details as needed and affordable. This saves orders of magnitude in computing time and resources
without sacrificing accuracy, while enabling engineers to tackle complex problems effectively.

SwiftComp™ can be used as a standalone code or as a plugin for other commercial codes. To
facilitate the use of SwiftComp™, a simple graphic user interface (GUI) with a toolbar integrated
the functions of SwiftComp™ is developed in Abaqus. This manual focuses on explaining how to
use Abaqus-SwiftComp GUI.

Chapter One introduces the installation of Abaqus-SwiftComp GUI, and provides a general guide
for modeling and visualization in Abaqus-SwiftComp GUI. The guidance in Chapter One is brief,
more details are included in the rest of chapters by examples.

Chapter Two describes how to quickly build common SGs and carry out homogenization and
dehomogenization using SwiftComp™. Common SG can be built through a few steps, which will
be a good start to get familiar with Abaqus-SwiftComp GUIL

Chapter Three introduces how to create user customized SGs through examples of general laminate
(a common 1D SG), Square Pack Microstructure (a common 2D SG), 2D SGs for cross-sections
with arbitrary shape, and 2D SGs for cross-section with airfoil shape. These two examples should
give users a good preparation to build user-defined models according to different analysis needs.

1.1 Installation and Get Started

There are two ways to use this toolset.

Quick Start: To get started to use Abaqus-SwiftComp GUI on your local machine, you just need
to simply unzip the distribution package into a folder of your own choice, then in this folder, click
the short cut file Abaqus-SwiftComp GUI or type abaqus cae —custom SwiftCompGUI py in the
Abaqus Command to launch to Abaqus-SwiftComp GUI

Installation: In this way, user can start the GUI and work on analysis from anywhere. Several
steps are needed.
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1) Download and unzip the package to any location and copy the full path of the directory;

2) Add the path to the PYTHONPATH of Abaqus. This constant is in the file abaqus.aev,
which is usually located at abaqus home_directory\SMA\site\. Insert the full path just
before ..:SPYTHONPATH at the end. Pay attention to the direction of the slash. Save;

3) Add a custom command to Abaqus. Open file abaqus.app in a text editor, which is usually
located at abaqus home_ directory\SMA\site\. Append swificomp cae —custom
SwiftCompGUI at the end of the command list. Save;

To start the GUI, type abaqus swiftcomp in the Abaqus Command.

Of course, you also need to have Abaqus and SwiftComp™ already installed on your computer.
To install SwiftComp™ you should request the code from AnalySwift and follow the instruction
inside the SwiftComp™ release package for installation.

After launched Abaqus-SwiftComp GUI, please set the Abaqus work directory (File->Set Work
Directory) to be the work directory of your own choice. Please note that all the files generated will
be stored in the work directory and the valid SwiftComp license requested from AnalySwift should
also be stored in your work directory.

1.2 Abaqus-SwiftComp GUI General Guide

The only difference compared with the original Abaqus GUI is the added toolbar group as shown
in Figure 1-1. The toolbar group composes of gadget buttons (1, 2), SG creation tool buttons (3, 4,
5, 6,7, 8), SwiftComp™ analysis and visualization tool buttons (9, 10, 11, 12). Their functions
can be simply described as follows:

1) Work plane: set sketch plane for 1D/2D customized SGs.

2) New layups: add new layups for 1D/2D SGs.

3) 1D SG: create 1D SG, including common SGs and customized SGs.
4) 2D common SG: create 2D common SGs.

5) Assign layups: create laminate for 2D cross-sections.

6) Erase layups: delete laminate for 2D cross-sections.

7) Read file: create 2D cross-section from input data file.

8) 3D common SG: create 3D common SGs.

9) Homogenization: carry out homogenization analysis.

10) Macro model: import the homogenized properties.

11) Dehomogenization: carry out dehomogenization analysis.

12) Visualization: visualize the results with only SwiftComp analysis files.
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Figure 1-1: The added toolbar group in Abaqus-SwiftComp GUI.
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1.2.1 SG preparation
SG creation tool buttons (3-8) can help the user to set up the configurations of SGs.

Abaqus functions are highly integrated in building the SGs, such as materials, composite layup,
section assignment, mesh etc. But some settings in the original Abaqus GUI are not used, and the
meanings of some parameters are different, which needs special attentions from the user. The
details will be explained in the following sections. For convenience, the term ‘Abaqus GUI’ is
referred in this manual when using the functions of the original Abaqus, otherwise ‘Abaqus-
SwiftComp GUI’ is explicitly specified. lfalic texts represents the terms shown in dialog box of
Abaqus GUI, and texts in ¢ * represents terms shown in dialog box of Abaqus-SwiftComp GUI.

Geometry

Users can create common SGs using the 1D SG button (3), 2D SG button (4), or 3D SG button
(8), which provides common microstructures of composites for 1D, 2D and 3D SGs respectively.
Or they can build customized 2D SGs using button 5, 6, 7 or Abaqus functions.

According to the convention of SwiftComp™, for 1D SGs, the geometry should be aligned with
Z direction in the global coordinate system; for 2D SGs, the geometry should be in the Y-Z plane
in the global coordinate system. The work plane button help the user set up the work plane for
customized 1D SGs and 2D SGs.

For 1D customized SG, the work plane button also creates a temporary line geometry in Z
direction, and a set named ‘Set Layup’. Then the user can use Create Composite Layup tool button
of Abaqus GUI to create composite layup, in which Region is assigned using the set ‘Set Layup’.
The next step to create a 1D customized SG is to choose the ‘Composite Layup’ method in dialog
box of the 1D SG button. After this step, the temporary line geometry will be deleted, and the
actual 1D SG composed of consecutive line segments is created, of which each line segment
represents a ply.

To create the geometry for a 2D customized SG, the next step is to use Create Shell: Planar button.
Other procedures are the same as creating a 3D shell part in Abaqus GUL

The procedure to create 3D customized SG geometry is the same as that to create a 3D part in
Abaqus GUI.

Material

In the Material module, the elastic materials properties can be defined by types: Isotropic,
Engineering Constants, Orthotropic and Anisotropic. If effective density of SG is required, density
of the material should be specified; if thermoelastic analysis is conducted, Expansion and Specific
Heat should be specified. If density, expansion and specific heat are required in the analysis but
not specified, Abaqus-SwiftComp GUI will not ask for it, but use the default values, information
will be shown in the message area. All the material properties can only be defined in the most basic
way, advanced options such as temperature-dependent data, discrete fields cannot be used in the
current version. Just like in Abaqus GUI, materials not used in SGs are allowed to exist.
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Materials can also be imported from a file, whose format is XML. For more details, please go to
Section 3.3.2.

Sections

In Abaqus-SwiftComp GUI, section types Solid-Homogeneous, Shell-Homogeneous, Solid-
Composite, Shell-Composite are applied. Sections are defined in the same way as in Abaqus GUI.
Material sections not assigned to SGs are allowed to exist. Note: For 2D SGs, the geometry should
be in the Y-Z plane in the global coordinate system. Abaqus only allow shell feature in 3D space
to be placed in the Y-Z plane, thus practically, user can only use Shell-Homogeneous sections.

Section Assignment

Material section assignment is defined in the same way as in Abaqus GUI. Section assignments
are allowed to be depressed, and the depressed sections assignment will be ignored.

Composite Layup

Composite Layup of Conventional Shell of Abaqus GUI is used in creating composite layup for
1D SGs and 2D SGs. Plies are allowed to be depressed or be edited using the tools in the dialog
box. However the current version of Abaqus-SwiftComp GUI sometimes will crash when the user
revises an existing composite layup or changes the part name of a 1D SG part, so it is highly
recommended to save your work before the revision.

For 1D SG, information of the Index of the plies (not the Ply Name), Material, Thickness, Rotation
Angle and Offset setting of this dialog box will be read into the input file (*.sc) of SwiftComp™
when doing homogenization. Region should be the set ‘Set Layup’ which contains the whole 1D
SG geometry. The same as that in Abaqus, the laminate is stacked from index ‘1’ to the maximum
ply index. Things need to know also include:

1) The layup orientation can only be defined based on the Part global coordinate system.

2) Different from what defined in Abaqus, Thickness in the table is the actual thickness of
each ply.

3) IfPlate/Shell analysis is conducted, the first 4 option of Offset tab book can be used to shift
the coordinate in the input file of SwiftComp™, which have the same definition as that of
Abaqus. The shift will not show on the geometry of the SG. This will be further explained
in Section 2.1.1 and Section 3.1.1.

4) Only one Composite layup is allowed to exist in a 1D SG part.

Lavup file format

Composite Layup information can also be imported into Abaqus-SwiftComp GUI by choosing
layup file (*.dat) with specific format. Currently this format is only valid for 1D SG. An example
of the format is shown in Figure 1-2.

The file is composed of 3 parts.

In the first part (in the red frame) it is the layup control parameters.
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The second part (in the blue frame) contains the information of each ply from bottom to top, which
arranged in the sequence of: ply thickness (integer/float), ply angle (integer/float), material ID
(integer).

The third part (in the green frame) provide the corresponding relationship between the material ID
and the material name. The material with names shown in this part must be defined previously.

In details, in the first part, the first integer ‘4’ is the number of layers written in the second part,
which is not necessarily the actual total number of the laminate). The second integer 2’ is the
number of material types written in the third part. The character ‘s’ in the third place means
‘symmetric’, therefore the current layup angle is [45/30/60/-45]s. This character can also be ‘a’
which means ‘antisymmetric’, if in the current example it is changed to ‘a’, the layup angle will
be [45/30/60/-45/60/30/45]. The last float ‘0.005’ is the offset ratio, which is explained in Section
2.1.1.

| layer-demo.dat - Note.. = B =
File Edit Format View Help

4 2 s 0.005

[ T =
O OV

(%
e
(©
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5.0

1 Laminate-matl

2 Laminate-mat2

Figure 1-2: Layup file format example.

Other notes:

1) The character in the third place to denote ‘symmetric/antisymmetric’ can also be any string
beginning with ‘s’ or ‘S’ for symmetric laminate (for example ‘sym’), or any string
beginning with ‘a’ or ‘A’ for antisymmetric laminate (for example ‘Antisym’). If the
laminate is not symmetric or antisymmetric, any other string can be inputed in the third
place of the first row.

2) If no offset is necessary, the float in the fourth place is not needed.

A layup can also be imported from a XML file. The ‘New layups’ function will read the material
file and layup file and create one or more Solid-Composite sections. For more details, please go to
Section 3.3.2.

Orientation Assicnment
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User can use Abaqus’s own function to assign local element orientation. For 2D cross-section
(shell feature in 3D space), there are several things user need to pay attention to. First, no matter
what choices user makes for local axes numbering, the two axes shown at last will always be
labeled 1 and 2. However, different choices may cause unexpected pointing directions of the two
axes. Hence we need to set a rule here: following the convention of local coordinates used in
SwiftComp, if a series of elemental coordinates changes along a curve C, the axis 1 in Abaqus will
be the axis y2 in SwiftComp and tangent to C, and the axis 2 in Abaqus will be the axis y3 in
SwiftComp and perpendicular to C. Second, it doesn’t matter for axis 2 pointing inward or
outward, as long as it keeps consistency with the global coordinate and fiber orientation defined
by user, since the fiber orientation will change if the direction of axis 2 (y3) changes.

= Edit Discrete Orientation

Normal &uxs
Mormal axis direction: _'I 02 @3
MNormal axis definition: | Surface/Faces w

Surface/Faces: Surf-13 [

Primary Axis
Primary axis direction: @1 ()2 (03
Primary axis definition: | Edges v

Edges: Set-6 [y ¥

Continue...
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v Edit Material Orientation n
Region: (Picked) [3

Orientation

Definition: Discrete v &

Normal axis: Surface -- Surf-13
Primary axis: Edge -- Set-6

Additional Rotation
®) None
() Angle:

) Distribution: b}

oK Cancel

Mesh

Mesh must be generated on Part instead of on Instance. For 2D customized SGs, element types
assigned in Abaqus GUI can be triangular (7R/) and quadrangular (QUAD), linear or quadratic
such as S3, STRI3, S4, S4R, S8R, S8RS, etc. For 3D customize SGs, element types assigned in
Abaqus GUI can be hexagonal (Hex) and tetrahedral (7et), linear or quadratic such as C3D4,
C3D10M, C3D8R, C3D8, C3D20R, C3D20 etc. However, only the nodal coordinates and element
connectivities are read into SwiftComp™ for analysis, therefore the results are the same whether
C3D4 or C3D4R is used.

For 1D SGs, mesh will be done automatically by using the 1D SG button. The element type
assigned in GUI is B31, but just as shown in the dialog box of the 1D SG button, the actual element
type used in the SG can be two-noded, three-noded, four-noded or five-noded. Each edge in the
geometry of 1D SG represents 1 ply and has only 1 element in SwiftComp™. Two-noded elements
will be accurate for 3D solid, but five-noded elements are recommended for 2D Plate/Shell.

Special attention needs to be paid on generating periodic mesh. For periodic materials or
heterogeneous materials with local periodicity, SwiftComp™ requires a mesh with periodic nodes
on the edges to rigorously satisfy the periodicity requirement. Theoretically speaking, a node on
the boundary surface must have a corresponding node on the parallel boundary surface with the
same coordinates except the coordinate component normal to the boundary surface. However,
currently this can only be guaranteed by the user. However, for complex microstructures, if it is
difficult to create corresponding nodes on the periodic edges, SwiftComp™ provides a way to
automatically provide the best approximate solution.
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1.2.2 MSG analysis

SwiftComp™ analysis tool buttons include Homogenization button, Macro model button and
Dehomogenization button.

Homogenization

Users can invoke SwiftComp™ to compute the effective properties for different structural models
(beam, plate/shell or 3D solid). Please refer to SwiftComp™ manual for the meaning of the
parameters. In the ‘Dimensionally Reducible Structures’ group box, only the ‘Classical’ in the
specific model is supported in the current version. In the ‘Options’ group box, only ‘Elastic’ and
‘Thermoelastic’ analysis types are supported, the other options should be kept as default. Note 1D
SG cannot be used for beam model.

The Abaqus-SwiftComp GUI can generate the SwiftComp input file (*.sc) from a CAE model or
an Abaqus input file. The user can check the box before ‘New SwiftComp file name’ to specify
the SwiftComp input file name, such as ‘Layup2s’, which will generate a file ‘Layup2s.sc’. If the
file name is not specified, the default file name will be in the form of:

partName_nSG#_macroModelDimension_elementType.sc

For 1D SG, the elementType is in the form of ‘n#’, where ‘#’ is the number of nodes in each
element of the SG. For 2D and 3D SG, the elementType is the element type name of the first
element in the model, using the term in Abaqus.

The GUI can determine ‘Omega’ (the volume of SG in the macro model) by itself in simple cases
as follows:

1) When the SG part has geometry information, and is a line, rectangle or cube.

2) When the SG part has no geometry information, and is a line, rectangle or cube (voids can
be in the SG). In this case, when the SG has a huge a number of nodes, specifying ‘Omega’
by the user will speedup the preparation of the model needed for homogenization.

After the homogenization of SwiftComp™, the effective properties will pop up automatically. In
some situations that error may occur, the user can check the command line window and it should
report the error message of running SwiftComp™, which gives your indication what is wrong with
the model.

Macro model: Import the homogenized properties

The effective properties obtained from homogenization can be used in macro model analysis.
Using this button can help user import the effective properties into a newly created model with the
name of the SwiftComp input file. In the current version of Abaqus-SwiftComp GUI, effective
properties of 1D macroscopic model (beam) will not be imported into Abaqus, since no beam
element in Abaqus can take a fully populated stiffness matrix. Thus user need to choose other
methods to carry out the macroscopic model analysis for beams. More details are explained in
Section 4.0.

Abaqus-SwiftComp GUI Version 1.2.2 User’s Manual



11

Dehomogenization

To conduct dehomogenization analysis, users must provide the homogenization files (*.sc, *.sc.k,
* sc.opt) of the SG and the global behavior parameters. The homogenization files must be in the
current work directory. There are two methods to provide the homogenizations files. The details
are explained in Section 2.1.3.

User must specify the global behavior parameters. Please refer to SwiftComp™ manual for the
meaning of each the global behavior parameter in this dialog box. With provided global behavior,
users can invoke SwiftComp™ to compute the local fields including displacements, stresses and
strains and other possible fields of interests, depending on the analysis. The information will then
be used to create an odb file with the same name as the SwiftComp™ input file, so that the user
can use the functions in the Visualization module of Abaqus GUI for postprocessing of the results.
The post-processing results are automatically loaded, but the users need to change to the
Visualization model by themselves. Contour plots are available for all local fields including three
displacement components (U1, U2, U3) and its magnitude, six nodal strain components (EN11,
EN22, EN33, 2EN23, 2EN13, 2EN12) and the derived quantities such as Mises strain, six nodal
stress components (SN11, SN22, SN33, SN23, SN13, SN12), and other possible fields of interest,
depending on the analysis and the derived quantities such as Mises stress.

In the current version, the odb file contains no information of geometry and material properties
and geometry, although sections are kept. Under the *.odb trunk of the Output Database tree,
sections can be found, and each section contains the elements with the same material properties.
For 1D SGs, each section contains elements with the same material properties and the same layer
angle.

1.2.3 Visualization button
Visualization

Users can use the Visualization tool button to create an *.odb file with the dehomogenization result
files of SwiftComp™ (*.sc.u, *.sc.sn), and view the contour plots of the local fields including
displacements, stresses and strains. Therefore it is not necessary to always save the *.cae file and
*.0db file of the SG. Different material sections can be viewed, but the material properties cannot
be reached in the *.odb file.

1.2.4 Limitations of the current version

As stated previously, the current version of the Abaqus-SwiftComp GUI has the following
limitations:

1) Change part name and edit the composite layup of 1D SG may cause unexpected crash,
therefore save your work frequently is highly recommended.

2) When a lot of work is done in the same session of Abaqus, sometimes in the command line
window it shows: cannot find Notepad or SwiftComp, or the input line is too long. The
user just need to close the current session of Abaqus and also close the command window,
then restart the command window and the GUIL
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2 CREATE COMMON MODEL

Abaqus-SwiftComp GUI provides a convenient way to create some common SG models.
Engineers can easily create the geometry of these models, and invoke SwiftComp™ to perform
homogenization and dehomogenization for different composites with common SGs.

Currently, Abaqus-SwiftComp GUI provides the following common SG models:

1) 1D SG: laminate.

2) 2D SG: square pack microstructure with or without interphase region, hexagonal pack
microstructure with or without interphase region.

3) 3D SG: spherical inclusion microstructure with or without interphase region.

In this chapter, we will use some common SGs for different models (e.g. solid, plate/shell and
beam) to illustrate how to use Abaqus-SwiftComp GUI to perform homogenization and
dehomogenization.

2.1 Laminate (1D SG)

2.1.1 1D SG preparation

1D SG is simple compared with 2D/3D SG, which allows the GUI save most of the work for the
user. This section will introduce 4 methods developed for generating 1D SG respectively. The four
methods are: Fast Generate, Composite Layup, Composite Sections, Read from file. Fast Generate
function only applies to laminates with constant layer thickness and single material property, while
the other 3 methods can apply to general laminates.

Note users must pay attention to the general remarks illustrated in Section 1.2.1 Composite Layup.

The buttons for creating 1D SG are shown in the Figure 2-1.

a
1
X

=
I%
e
| =
on
M
@

Figure 2-1: Work plane button (red box) and 1D SG button (blue box).

Method 1: Fast Generate

To create a 1D common SG quickly, Fast Generate function can be applied. Fast Generate function
only applies to laminates with constant layer thickness and single material property.
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Step 1: Create materials

The first step is to create a material in Abaqus GUI. The material ‘material-1" used in this example
has the properties as shown in Table 2-1.

Step 2: Create geometry and mesh of 1D SG

Then the user can click the 1D SG button in the blue frame shown in Figure 2-1. In the dialog box
popped out in Figure 2-2, choose ‘Fast Generate’, and input the required information: layup, ply
thickness, offset ratio, choose model and material which has been created, and element type.
Layups can be specified following the tips provided in the dialog box. The meaning of the offset
ratio is illustrated in Figure 2-3. The number after bracket means the repeating times and “‘s” means

symmetry.

Table 2-1: Material properties.

E E) E; L L L G2 Giz G
GPa GPa GPa 12 1 % GPa GPa GPa
Material-1 | 117.0 8.54 854 0.278 0278 0.5 39 39 283

Material

— 1D Structure Genome

Select a method
(®) Fast Generate
() Composite Layup
() Composite Section
() Read from file
Layup information
Layup: [45/-45]s
Ply thickness: | 0.2
Offset ratic |05
Tips : [45/-45]2s means [45/-45/45/-45/-45/45/-45/45]
Material

Model: | Model-1 v Material: | Material-1 ka

Mesh

Element type: |five-noded v

oK Cancel

Figure 2-2: Create 1D SG dialog box.
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Figure 2-3: The coordinate origin of the coordinate system in the generated SwiftComp input file (*.sc) by
specifying Offset ratio, where the red hollow circle represents the coordinate origin.

Using the information provided in this dialog box, a 1D SG part named as ‘Laminate’ is created.
The layup and offset ratio information are stored in the Composite Layup as shown in Figure 2-4.
The offset ratio will not be shown in the geometry of the part ‘Laminate’, but only be saved in the
Offset tab book in the dialog box and later be used in generating the input file of SwiftComp™. In
other words, Abaqus Composite Layup manager can be used to double check whether the inputs
for Fast Generate are correctly provided and interpreted.

| Edit Composite Layup
Name: Compasitelayup-1

Element type: Conventional Shell Description: |

Layup Orientation
Definition: | Part global v &

Part coordinate system

Normal direction: () Axis 1 () Axis 2 (@) Axis 3

Section integration: (8 During analysis () Before analysis

Thickness integration rule: @ Simpsen (") Bauss

Plies | Offset | Shell Parameters | Display

[[] Make calculated sections symmetric

Ply Name Region Material  Thickness csys Fotatan, | litegration

Angle Points
1 Ply-1 Set_layup Material-1 0.2 <Layup> 45 3
2 v Ply-2 Set_layup Material-1 0.2 “Layup> -45 3
3¢ Ply-3 Set_layup Material-1 02 <Layup> -45 3
4 v Ply-4 Set_layup Material-1 02 <Layup> 43 B
oK Cancel
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i Edit Composite Layup
Mame: Compositelayup-1
Element type: Conventional Shell Description:
Layup Orientation
Definition: | Part global v &

Part coordinate system

Mormal direction: () Axis 1 () Axis 2 (@) Axis 3

Section integration: (@ During analysis () Before analysis
Thickness integration rule: (@) Simpsen () Gauss

Plies Offsat Shell Parameters | Display

Shell Reference Surface and Offsets

() Middle surface

() Top surface

() Bottom surface

(®) Specify offset ratio: 0.5

() Distribution: &

) From Geometry

oK

Cancel

Figure 2-4: Composite Layup contains the layup and offset ratio information.

For laminates, the mesh has been generated right after defining laminate. As stated in Section
1.2.1-> Mesh, the element type chosen in Abaqus is B31 with 2 nodes in each element. In this
example, we create a 1D SG containing 4 plies ([45/-45]s laminate), which require 4 elements in
SwiftComp. Each five-noded element in SwiftComp is composed of 4 B31 element in Abaqus,
therefore the 1D SG has 16 B31 elements in all as shown in Figure 2-5. Note it is not an
approximation but a technique to trick Abaqus to generate 5-noded elements for SwiftComp,
which is particularly needed if the macroscopic structural model is a plate/shell model.
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Figure 2-5: 16 B31 elements are generated for a 4 ply 1D SG with five-noded element type in SwiftComp.

Method 2: Composite Layup

This method takes advantage of the Composite Layup function of Abaqus GUI, which allows ply
thickness and material properties to be different in each ply.

Step 1: Create materials

To create a customized 1D SG, the first step is to create the materials in Abaqus GUI. In this
example, we use the material properties shown in Table 2-2.

Table 2-2: Material properties.

E E> E; L L L G: Giz Gn
GPa GPa GPa 12 13 ? GPa GPa GPa
Laminate-matl | 250.0 50.0 50.0 025 025 025 20 2.0 5.0
Laminate-mat2 | 200.0 20.0 20.0 0.3 0.3 0.3 20 2.0 5.0

Material name

Step 2: Set work plane

As stated in section 1.2.1 Geometry, 1D SG must align with Z axis. This is achieved by the work
plane button (in the red frame in Figure 2-1). Click the work plane button, the dialog box in Figure
2-6 pops out, then choose the model and give the part name for the 1D SG part, choose the SG
dimension to be 1D. The work plane button will create a datum plane and a datum axis in the part.
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The work plane button also creates a temporary line geometry in Z direction, and a set named
‘Set_Layup’ as shown in Figure 2-7.

+ Set sketch plane [ x|
Model: Model-1 »
New Part Name:  Part-1
3G Dimension
@1 O
Note: The next step to create the 1D custormized 3G part, use:
1D SG I

oK Cancel

Figure 2-6: Work plane button dialog box.

Mottl [Re Module [ Par o Modet:[Thiode1 W P[5 panct -

5 Model Database [
= &8 Modls (1)

Section Sketch
Hiby Sers (1)

A Surfaces

® Skins

 strnges

3 Section Assignments
B Drientations

B Composite Layups

Create... | Edit..
643 Ausembly
H165 Steps {1}
D Fueld Output Requests
Bp Hatery Output Regquests
| Time Peinty
[ ALE Adaptive Mesh Contraints
TL interactions
B intersction Proparties

Figure 2-7: After using the work plane buttén.

Step 3: Create Composite Layup

Then the user can use Create Composite Layup tool in the Property module to create composite
layup and assign Region using the set ‘Set Layup’ as shown in Figure 2-8 and Figure 2-9. The
first 4 options of the ‘Offset’ tab book can be used to specify offset of the coordinate origin in the
* sc file. In this example, the default offset ratio (0.0) is kept. The parameter ‘Offset’ has the same
meaning of ‘Offset ratio’ as explained in Section 2.1.
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Module: [3 Property

Name

Create...

37 Create Composite L...

¥ Modet: |2 Model-1

NELEN Compositel ayup- 1}

Initial ply count: |~ 473

Element Type

| Continuum Shell
Solid

Cenventienal Shell

Cancel

Composite Layup Manager

PlyCount  Description

v Part ‘;Partr1 ™

| Dismiss

Figure 2-8: Create composite layup.

— Edit Composite Layup
MName: Compositelayup-1
Element type: Conventional Shell Description:

Layup Orientation

Definition: | Part global v: ]

Part coordinate system

Mormal direction: () Axis 1 (0 Axis 2 (@) Axis 3

Section integration: (®) During analysis (_) Before analysis

Thickness integration rule: @) Simpson () Gauss

| Plies | Offset | Shell Parameters Display

[] Make calculated sections symmetric % == | % ﬁ ‘ % % | -' &:' ‘ &
Ply Name Region Material Thickness csvs R‘;‘;‘:“ '“*lf“-fi:.a;i"“

1 Ply-1 Set_layup  Laminate-mat] 01 <Layup> 0 3

2 v Ply-2 Set_layup  Laminate-mat2 02 <Layup> 45 3

3 Ply-3 Set_layup  Laminate-mat2 03 <Layup= -30 3

4v P4 Setlayup  Laminate-mat] 0.1 <y [ :

OK Cancel |

Figure 2-9: Configure the composite layup

Step 4: Create geometry and mesh of 1D SG

The next step to create a 1D customized SG is to choose the ‘Composite Layup’ method in dialog
box of the 1D SG button (Figure 2-10). After this step, the temporary line geometry will be deleted,
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and the actual 1D SG composed of consecutive edges is created, of which each edge represents a
ply.

— 1D Structure Genome | x |

. Select a method
() Fast Generate
(® Composite Layup
() Composite Section
() Read from file
Layup infomation

Model: |Model-1 v Part: [Part-1 v

Layup: | Compaositelayup-1 v

Mesh

Element type: |five-noded  |v|

oK Cancel

Figure 2-10: Use Composite Layup method to create general 1D SG.

Figure 2-11: The 1D SG created (numbers in orange are element numbers).

After Step 4, the 1D SG has been built. The user can check the element number in the Mesh module
as shown in Figure 2-11. Similar to the 1D SG generated by fast generated method, each edge
represents an element in SG, which contains 4 B31 elements. Therefore there are 16 B31 elements
in the model. The created part can be used for homogenization and dehomogenization analysis.
Clearly the ‘Fast Generate’ method does the same thing as what does in ‘Composite Layup’
method for simple laminate cases.
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Method 3: Composite sections

This method take advantage of the Sections-> Composite sections function of Abaqus GUI, which
allows ply thickness and material properties to be different in each ply.

Step 1: Create materials and Composite sections

To use this method, first the user need to create mateirals and composite sections in the model, as
shown in Figure 2-12. The Element Relative Thickness is the actual ply thickness. Symmetric
layers, Layup name and Ply Name in the dialog box are ignored in creating 1D SG.

_ — Create Section n = Edit Composite Solid Section

.-_-Il o Mame: layupl
& Saxl | Name layupl
Type:  Solid, Composite
!I (-
wnm Category Type

a2 Layup name: I

B e || @ Solid Homogeneous [ Symmetric layers
fiz .
z F‘ = Shell Generalized plane strain Flement P
® Eulerian Material Relative Orientation Angle i gl Ply Name
Beam becconasimnde Tk Points
e [Composite |
) = is05 3 0.000381 0 3
_ Other is05.4 0.00051 0 3
A e is05_2 0.00954 20 3
4! l'-‘_; Continue... Cancel oK Cancel

Figure 2-12: Create Composite Sections.

Users can use function ‘New layups’ ™+ to create Solid-Composite sections, as explained in
Section 3.3.

Step 2: : Create geometry and mesh of 1D SG

The next step to create a 1D customized SG is to choose the ‘Composite Section’” method in dialog
box of the 1D SG button (Figure 2-13) and input the required parameters. The parameter ‘Offset’
has the same meaning of ‘Offset ratio’ as explained in Section 2.1.

Click OK, the 1D SG will be created. An Composite Layup containing the information from the
Composite Section will also be created. In Homogenization, the information of the 1D SG will be
read from the Composite Layup instead of the Composite Section. Therefore multiple Composite
Sections are allowed to exist, but only 1 Composite Layup is allowed to exist in a SG.
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S 1D Structure Genome E

Select a method

() Fast Generate

omposite Layup

J read trom Tile

Layup infomation
Model: Model-1 |v| Section: | layupl v
Part narne: | layupl

Offset ratio: | 0

Mesh

Element type: |five-noded v

oK Cancel

Figure 2-13: Use Composite Section method to create general 1D SG

Method 4: Read from file

This method also allows ply thickness and material properties to be different in each ply. The
information except material properties will be read from a *.dat file.

In this example, we use the file showin in Figure 2-14.
Step 1: Create materials

To use this method, first the user need to create mateirals in the model. Here we use the material
properties in Table 2-1.

Step 2: Prepare layup input file

In this example we prepare a file as shown in Figure 2-14. The format has explained in the Section
1.2.1 Layup file format.

/| layer-demo.dat - Note.., — = “

File Edit Format View Help
-

4 2 s 9.0885

8.1 45.0
8.2 30.0
8.3 co.e
8.1 -45.8

R B

1 Laminate-matl

2 Laminate-mat2

Figure 2-14: Layup input file (*.dat).
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Step 3: Create geometry and mesh of 1D SG

Choose this file in the dialog box: 1D Structure Genome as shown in Figure 2-15.

= 1D Structure Genome
Select a method
() Fast Generate
() Composite Layup
® Read from file
Model: Model-1 v
Layup information

Layup data file: |E:/=Users/layer-demo.dat

Mesh

Element type; |five-noded v

OK Cancel

Figure 2-15: The 1D SG created (numbers in orange are element numbers).

Then the 1D SG will be created, of which the composite layup information can be checked in the
Composite Layup Dialog box as shown in the Figure 2-16.

= Edit Composite Layup
Mame: Compositelayup-1

Element type: Conventional Shell Description:

Layup Orientation
Definition: Part global v &

Part coordinate system

Normal direction: () Awis1 () Awis2 (@) Axis 3

Section integration: (®) During analysis () Before analysis
Thickness integration rule: (® Simpson () Gauss

Plies | Offset | Shell Parameters | Display

[[] Make calculated sections symmetric

Rotation Integration

Ply Name Region Material Thickness Csys Rl Points
1 Ply-1 Set layup  Laminate-mat] 01 <Layup> 45 3
2 v Ply-2 Set_layup  Laminate-mat2 02 <Layup> 30 3
v Phy-3 Set_layup  Laminate-mat2 0.3 <Layup> 60 3
4. Phy-4 Set_layup  Laminate-mat1 01 <Layup> -43 3
5 Ply-5 Set_layup  Laminate-mat1 01 <Layup> 45 3
6 v Ply-6 Set_layup  Laminate-mat2 0.3 <Layup> 60 3
T Ply-7 Set_layup  Laminate-mat2 0.2 <layup> 30 3
8 v Ply-8 Set layup  Laminate-mat1 0.1 <Layup> 45 3
OK Cancel

Figure 2-16: The composite layup of thelD SG created.

2.1.2 Homogenization
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We will use the model generated by fast generate to show the results of Homogenization and
Dehomogenization.

Click the homogenization button in the red frame of Figure 2-17, a dialog box in Figure 2-18 will
pop up.

In this example, if we choose 3D (solid) for the macro model dimension, then the default file name
will be Laminate nSG1 3D n5.sc, where 3D stands for 3D solid model.

EHE | BE <R ofiEke

Figure 2-17: Homogenization button.

& Homogenization n

| New SaiftComp file name:
Model source
® CAE () Input file

Model: | Model-1 % Part: Laminate v

Macrascopic model
Dirmension
1D (Beam) Classical
2D (Shell)
@[30 Goid)

[] Omega: 1

Mote: Frovide omega if the part is not a line, rectangle or cube

Options
Analysis type: Elastic el
Elernent type: Regular v
Elemental arientation: Global v
Uniform
OK Cancel

Figure 2-18: Homogenization dialog box for 3D solid model.

Click OK and wait for preparing the input file of SwiftComp™ and homogenization.

After the computation of SwiftComp™, the effective properties will pop up automatically (Figure
2-19).
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| Laminate_nSG1_3D_n5.sck - Notepad
File Edit Format View Help
‘The Effective Stiffness Matrix

3.9150122E+01 3.1350122E+01 5.3741674E+00 ©.0000000E+00 ©.0000000E+80 2.2105491E-15
3.1350122E+81 3.9150122E+81 5.3741674E+08 ©0.0000000E+00 ©.0000000E+08 3.8758836E-15
5.3741674E+00 5.3741674E+00 1.1583814E+01 ©.0000C000E+00 ©.0000000E+B0 -6.4468002E-17

e. +08 8. +00 8. +08 3.27994186E+00 -6.5926540E-17 ©.0000000E+60
a. +00 8. +00 8. +00 -6.5926540E-17 3.2799406E+00 0.0000000E+00
2.2105491E-15 3.8758836E-15 -6.4468002E-17 ©.0000000E+00 ©.00000B0E+B0 3.0369255E+01

The Engineering Constants (Approximated as Orthotropic)
= 1.3949283E+01
= 1.3940283E+01
E3 = 1.8764479E+01
= 3.08369255E+01
= 3.2799406E+00
G23 =  3.2799406E+00
nul2=  7.8721572E-01
nul3=  9.871B8636E-02
nu23=  9.8718636E-02

! The Effective Compliance Matrix

7.1734557E-82 -5.6470571E-82 -7.0815376E-93 0.0000000E+00 ©.0000000E+08 1.9705478E-18
[ -5.6470571E-02 7.1734557E-02 -7.0815376E-03 0.0000000E+00 ©.00000@0QE+BQ -5.0597342E-18
-7.8815376E-83 -7.0815376E-83 9.2898135E-82 0.0000000E+00 ©.0000000E+88 1.6164459E-18
+08 8. +08 8. +00 3.0488357E-81 6.1281352E-18 0.000A0OAE+00
+00 9. +02 @. +0@ 6.1281352E-18 3.0488357E-81 ©.0000000E+00
.9785478E-18 -5.8597342E-18 1.6164459E-18 ©.0000000E+00 ©.00D0000E+80 3.2928038E-02

Po o

Effective Density = 1.0600068E-01

Figure 2-19: Effective properties of 3D solid model.

In the homogenization, the basic information of the SG model as shown in Figure 2-20 have been
saved into sg model, which can be accessed by python script using the path
‘mdb.customData.sgs[sg name]’, where ‘sg name’ is the SwiftComp file name in
homogenization.

B ———3» Create =g model: Laminate nSG1_ 3D nb
ndb. customnData . =g=[ 'Laminate nSG1_3D nt']
({'analy=i=s': 0,
338 ‘elem_flag': 0O,
'macro_model_dimension': '3D°,
'model_name': 'Hodel-1'.
‘modelfromSource': 'fromCAE',
‘nSG': 1,
'name’' : 'Laminate_nSG1_ 3D nb',
'part_name': 'Laminate’.
‘syiftconp filename': 'Laminate nSG1_ 3D nb5 . =sc'.
'temp_flag': 0O,
'tran=s flag': 0,
‘volume': 0.8%)

Figure 2-20: SG model data created after homogenization.

If we choose plate/shell model (Figure 2-21), the default file name will be
Laminate nSG1 2D n5.sc where 2D stands for a plate/shell model (2D). After homogenization,
the ABD matrix of the homogenized plate/shell will be obtained (Figure 2-22). The offset ratio
will influence the results of plate/shell model as it effectively sets the reference surface at different
locations. Note 1D SG cannot be used for beam model.
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[ Mew SwiftComp file name:
Model source
® CAE () Input file

Model: Model-1 % Part: Laminate v

Macroscopic model

Dimension Dimensionally reducible structures
10 (Beam)  Specific model: | Classical v
o Initial tasist/curvature
3D (Solid) vz o
k1 0
[] Omega: 11
MNote: Provide ornega if the partis not a line, rectangle or cube
Cptions
Analysis type: Elastic v
Element type: Regular )
Elemental orientation: Global ¥
Uniform
OK

Homogenization

Cancel

Figure 2-21: Homogenization dialog box-use 2D shell model.

RE
File Edit Format View Help

Laminate_nSG1_2D_n5.sck - Notepad

\The Effective Stiffness Matrix
2.9325475E+81 1.4987612E-15 2.3885475E+01
1.4907612E-15 2.4295484E+81 2.8230288E-15
2.3085475E+81 2.823028BE-15 2.9325475E+01
1.1730190E+81 -7.5273446E-16 -9.2341900E+008
-7.8091301E-16 -9.7181616E+0@ -1.5335803E-15
-9.2341900E+08 -1.5854817E-15 -1.1738198E+81

The Effective Compliance Matrix
3.7943631E-81 -6.6512823E-082 -2.6158933E-01
-6.6512823E-82 2.5422388E-81 -6.6512823E-02
-2.6158933E-81 -6.6512823E-82 3.7943631E-01
Z
%

4

.2447028E-81 -1.6628286E-81 -4.7758280E-01
.6628206E-81 5.3265958E-081 -1.66282086E-01
.7750280E-01 -1.6628206E-81 7.2442028E-01

Effective Density = 8.0000000E-82

-1.
-7.
=8,
.2561013E+00
.7260241E-01
.9249013E+60

7.
=
-4,

1.
-a.
=1,

1738190E+81 -7
5273446E-16 -9
-1.5335803E-15 -1.1730190E+01
8
5
8

2341900E+00

2442028E-01 -

6628206E-01

7758280E-01 -
-4.1570514E-81 -1.1937570E+80

8118587E+00
1578514E-01
1937570E+00

.B@91301E-16 -9.2341900E+00
.7181616E+0@ -1.5854@17E-15

.7260241E-61 4.9249013E+00
.1830195E+80 8.7268241E-01
.7260241E-81 6.2561013E+00

.6628206E-81 -4.7750288E-01
.3265958E-81 -1.6628206E-01
.6628206E-01 7.2442028E-01

oo e

1.3316489E+80 -4.1578514E-01

-4.1570514E-81 1.8110507E+80

Figure 2-22: ABD matrix of classical plate/shell model.

2.1.3 Dehomogenization

Click the dehomogenization button in the red frame of Figure 2-23, the dehomogenization dialog
box in Figure 2-24 (a) will pop out.

B | BE B¢ 5 EEe

Figure 2-23: Dehomogenization button.

There are two methods provided to choose the SG we have created previously. The first method is
to choose the sg_name shown in the list while the SG model source is ‘CAE’. The second method
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is to choose the SwiftComp input file ‘Laminate nSG1 3D nS5.sc’ if the SG model source is
‘SwiftComp input file’. Using this method, the Analysis type and the Macroscopic model type
must be specified correctly, otherwise there will be an error message popped up (Figure 2-24 (b)).
For both methods, the SwiftComp input file (.sc), the homogenization result files (.sc.k and .sc.opt)
should be in the current work directory, which are needed in the dehomogenization. If you used

CAE to generate the model, carried out the homogenization, the files are already stored in the work
directory.

Specify the required inputs as shown in Figure 2-24. Please refer to SwiftComp™ manual for
meaning of the global behavior parameters.

= Dehomogenization E— Dehomogenization
5G Model Source
@ CAE () SwiftComp Input file

5G Model Source
(OICAE ® SwiftComp Input file

Laminate_nSG1_2D_n5

SwiftComp input file: | E:/=Users/Laminate_nSG1_3D_n3.sc 2]
Laminate_nSG1.3D_n5
Ltnate sl na. Analysis type: Elastic ~
Macroscopic model: | 3D (solid) w

Macroscopic analysis results

Macroscopic analysis results

Displacements Displacements

vii0 v2|0 v3|0 vl 0 v2 0 v3 |0

Rotations Rotations

et 1 cizfo cizfo cifr | ci2fo c13fo

c21io €211 2o 210 c22 {1 2300

3o czio €331 3|0 32|10 a3 1

Generalized strains Generalized strains

epsilonil |1 epsilon22 0 epsilon33 |0 epsilenl |0 epsilon22 |0 epsilon33 0
Zepsilon23 |0 2epsilonl3 0 Zepsilon12 D Zepsilon23 |0 2epsilon13 | 0 | Zepsilon12 0

Additional inputs Additional inputs

OK Cancel OK Cancel

(a) Two methods to choose the homogenizaiton results files (.sc, .sc.k, .sc.opt)

L& SwifiComp GUI Application
® invalid literal for int() with base 10: *-0.050000"

| Dismiss |

(b) Error message if choose the wrong macroscopic model type
Figure 2-24: Dehomogenization parameters for 3D solid model.

Click OK and wait for SwiftComp™ to finish the computation. The post-processing results will
be automatically loaded. However the user need to switch to the Visualization model to view all
the field results components, including displacement (U1, U2, U3) and its magnitude, six nodal
strain components (EN11, EN22, EN33, 2EN23, 2EN13, 2EN12) and the derived quantities such
as Mises strain, six nodal stress components (SN11, SN22, SN33, SN23, SN13, SN12) and the
derived quantities such as Mises stress. The nodal stress SN12 components is shown in Figure
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2-25. In the odb tree, sections ‘nlayer - 1°, ‘nlayer - 2’ are created, with each section containing
the plies with the same material properties and the same layer angle.

L lprimary ;SN BN [P Dﬂmﬁg&gﬂ‘ix 1234 X%
Madel | Results MO 4 Do i B BB
|Session Data :v: - E Ry X A g
|83 Output Databases (2) SN. SN12
& Laminate nSG1 30 nS.odb i el
[ Laminate_nSG1_2D_nS.odb & (Avg. 75%)
B History Output +2.782929%+01
(cl Steps (1) G B2 +2,25244@e+01
@ 5 Instances (1) E@ +1.801952e+81
@ [Fe Materials (1) : +1.351464e+81
@ §& Sections (2) 9 +9.009762e+00
#TE Element Sets (3) = . 5B4880e+00
# 5 Mode Sets (1) .536743e-607
B, surface Sets =] . 584882408
J, Session Coordinate Systems .0B9764e+00
L4 QDB Coordinate Systems .351464e+01
£ User Data .801953e+01
8 Annotations .252441e401
Eg xvData x| .782929e+01
|2 & Model Database (1)
) Model-1 d Max: +2.702929e+01
1@ B Spectrums (7) i Elem: Part-1-1.1
P XyPlots Node: 1
EB XvData | B .
[, Paths 2 Min: -2.70292%9e+01
Bﬁnghy&mpﬂU Elem: Part-1-1.5
- B Free Body Cuts :
& Streams Node: 2
BT Movies 2
B images : Laminate nSGl 3D nS

ODB: Laminate nSG1l 3D nS5.odb Abagus/Scripting Interface 6.13-3

Figure 2-25: Dehomogenization results of 3D model.

If using shell model, choose the SwiftComp input file ‘Laminate nSG1 2D nS5.s¢’ and specify
the required inputs as shown in Figure 2-26. Please refer to SwiftComp™ manual for meaning of
the global behavior parameters.

Abaqus-SwiftComp GUI Version 1.2.2 User’s Manual



29

- Dehomogenization
5G Model Source
® CAE () SwiftComp Input file

: Laminate nSG1 2D n3

Laminate_n5G1_3D_n3

Macroscopic analysis results

Displacements

vi|0 |v2|0 v3i0
Rotations

enfr [ c1zfo c13fo
cifo | cz2[q o
a0 | cazlo 3

Generalized strains

epsilenil 1 epsilon22 |0 | 2epsileni2 |0

kappall |0 kappad2 [0 kappal2+21[0

Additional inputs

O‘k tEﬂCEl |

> Dehomogenization
SG Model Source
() CAE @) SwiftComp Input file

SwiftComp input file: E:/=Users/Laminate_n%G1_2D_n3.sc 1
Analysis type: | Elastic :v:
Macroscopic model: 13D {zolid]) :v'.

Macroscopic analysis results
Displacements
vl ¥2|0 |v3]o
Rotations
a1t | c1zfo Jenfo
clo | cazf1 Jeafo
ailo cxlo J e

Generalized strains

epsilon1l |1 1 epsilon22 q epsilon33 |0

2epsilon23 |0 2epsilon12 |0 2epsilon12 |0

Additional inputs

oK | Cancel

Figure 2-26: Dehomogenization parameters for shell model.

Contour plots are available for all local fields. In the odb tree, sections ‘nlayer - 1°, ‘nlayer - 2° are
created, with each section containing the plies with the same material properties and the same layer
angle. The nodal stress SN12 component is shown in Figure 2-27.

Model = Results

Session Data v

|28 Output Databases 2)

& Lamil SG1.3D_n5.odb S U
[# Laminate_nSG1_3D_n5.o : -
1 Laminate nSG1 2D nS.odb (Avg: 75%)
Bzt History Qutput +2.726883e+01
B0k Steps (1) ) & +2.27240@2e+01
@ Instances (1) +1.817921e+81
@ [F Materials (1) g +1.363441e+81
B 5 Sections (2) B +9. 089605 +60
* Part-1-T.nLayer - 1.nLayer-1 .544801e+80
Part-1-1.nLayer - ZinLayer-2 .861023e-066
BT Element Sets (3) =3 . 544807 +60
%5 Node Sets (1) . .089611e+00
B Surface Sets _ﬁ .363441e+€1
J. Session Coordinate Systems A .817922e+61
Js ODEB Coordinate Systems . 272402401
&1 User Data ) F -2.726883e+01
~~8 Annotations
BB X¥Data Max: +2.726883e+01
£ Model Database (1) Elem: Part-1-1.1
1 Model-1 , Node: 1
i [ Spectrums (7) & .
B XYPlots L Min: -2.726883e+81
EB XYData : Elem: Part-1-1.5
[ Paths

Nede: 2

/@ g Display Groups (1)
B Free Body Cuts
& Streams

-~ Movies

B Images

Module: 2 Visualization v Model: |3 D:/Abaqus SC_ GUVLaminate nSG1 20 ns.odh v MO 4 oW i B BB

Laminate nSGl 2D n5
ODB: Laminate nSG1l 2D n5.odb

Step-1

Figure 2-27: Dehomogenization results of shell model.

Abaqus/Scripting Interface 6.13-3
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2.2 Square Pack Microstructure (2D SG)

2.2.1 2D SG preparation

In this example, assume that both fiber and matrix are isotropic materials (Material Fiber: Young’s
modulus £ = 379.3 GPa, Poisson’s ratio v = 0.1; Material Matrix: Young’s modulus £ = 68.3
GPa, Poisson’s ratio v = 0.3). Create Materials in the Property module as shown in Figure 2-28.

Material E \Y
Fiber 379.3GPa 0.1
Matrix 68.3GPa 0.3

= Material Manager

Name Create...

Edit...

Mat-Matrix

Copy..
Rename...
Delete...
Evaluate...

Dismiss

Figure 2-28: Material creation.

Then click the 2D SG button in the red frame in Figure 2-29 so that the dialog box in Figure 2-30
will pop out. The square pack microstructure SG has width 1.0. The user is allowed to choose the
volume fraction or radius of fiber and interphase. If there is no interphase, the text field in the
Interface group box is set to the default value 0.0.

HE | BohELe

Figure 2-29: Create 2D common SG button.
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— 2D Structure Genome

() Hexagonal
Geometry
Fiber Interphase
(® Volume fraction (Wf f) @) Volume fraction (v i)
() Radius (1) () Thickness (t)
04 | 00 [

Mote: 0 < vf_fvf i <= 0.78

Material
Medek: | Model-1 v/

Fiber | Mat-Fiber |

Matrix | Mat-Matrix |
Interface Mat-Matrix |

Mesh

Approximate global mesh size | 0.1

Element type :Quadrat\c ]

QK Apply | Cancel |

Figure 2-30: Create 2D SG dialog box.

After setting all the parameters as shown in Figure 2-30, click OK to create the SG (Figure 2-31).

Figure 2-31: 2D SG.

2.2.2 Homogenization

Click the homogenization button in the red frame of Figure 2-32, a dialog box in Figure 2-33 will
pop up. In this example, we choose the 3D solid macro model, then the default file name will be
‘sqrP2 nSG2 3D S8R.sc’. Click OK and wait for preparing the input file of SwiftComp™ and
homogenization. After the computation of SwiftComp™, the effective properties will pop up

automatically (Figure 2-34).
BE | mE B ofEke

Figure 2-32: Homogenization button.
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B Homogenization &=
[ Mew SwiftComp file name:
Model source
(® CAE ) Input file
Model: | Model-1 v Part: sqrP2 ™
Macroscopic model
Dimension
)10 (Beam) Classical
) 20 (Shell)
| Omega: 1
Mote: Provide ormega if the part is not a line, rectangle or cube
Cptions
Analysis type: Elastic v
Elernent type: Regular v
Elemental orientation: Global W
Uniform
OK Cancel

Figure 2-33: Homogenization dialog box-use 3D solid model.

3| sqrP2_nSG2 3D S8R.sck - Notepad

File Edit Format View Help
|The Effective Stiffness Matrix
2.1031440E+02 4.0153835E+01 4.0153834E+01 2.5570209E-15 0.0000000E+00 0.0000000E+00
4.8153835E+@1 1.4683B56E+82 4.6885753E+81 5.7857327E-15 ©.0000000GE+2@ 0.0000000E+00
4.0153834E+@1 4.6885753E+81 1.46@3058E+82 4.1354570E-14 ©.0000000E+00 0.0000000E+00
2.557@2@9E-15 5.7857327E-15 4.135457@E-14 4.1711963E+81 ©.0000000E+60 0O.0000000E+0Q
8. +88 0. +80 0. +88 @ +80 4.8305118E+81 6.5207255E-14
a. +8@ 8. +80 B8 +88 @ +88 6.52087255E-14 4.83085135E+81
The Engineering Constants (Approximated as Orthotropic)
E1 1.9352945E+82
E2 = 1.2769638E+82
E3 = 1.2769632E+82
G12 = 4.8385135E+81
G13 = 4.8385118E+81
G23 =  4.1711969E+81
nul2z=  2.8980791E-81
nul3=  2.8980803E-81
nu23=  2.7766910E-81
The Effective Compliance Matrix
5.1671721E-83 -1.8799798E-03 -1.8799805E-83 9.0377823E-19 0.0000000E+G0 0.000000GE+0@
-1.8799798E-83 7.8318757E-83 -2.1744478E-83 1.1357988E-18 0©.000000GE+00 ©.0000000E+00
-1.8799805E-83 -2.1744478E-83 7.8310793E-83 -7.3961651E-18 ©.0BGC0COEE+00 ©.000GO00E+00
9.8377823E-19 1.1357988E-18 -7.3961651E-18 2.3973934E-82 0.0000000E+00 0.0000000E+00
a. +8@ 8. +80 B8 +8@ @. +88 2.8701740E-82 -2.7945345E-17
a. +88 0. +80 @8 +08 a. +80@ -2.7945345E-17 2.8701733E-82
Effective Density = 1.0008888E-81

Figure 2-34: Effective properties of 3D solid model.
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e Intel Composer XE 2011 Intel(R) 64 Visual Studio 2010 - o

SwiftComp
Hultiscale Constitutive Modeling of Composites

School of Aeronautics and Astronautics
Purdue University

Copyright (2815-> by Purdue Research Foundation, West
Lafayette. IN 47986. Unless permission is granted. this
material may not be copied. reproduced or coded for
reproduction by any electrical., mechanical or chemical
process or conbination thereof. now known or later developed.

These commodities, technology or softuware were exported from
the United States in accordance with the Expowrt
Administration Regulations. Diversion contrary to U.S5. law
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SuwiftComp begins at B94813.415
Inputs echoed in file sqrP2_nSG2_3D _S8R.sc.ech?

Constitutive modeling for a 3D model?

Homogenization will be carvied out?

You are running SwiftComp Parallel Uersiont

Finished reading/processing model File?

Effective properties can be found in file sqeP2_nSG2_3D_88R.sc.k!
Finizhed homogenization?

SwiftComp ends at @%4813.544
SwiftComp finished successfully?

Figure 2-35: Command line window shows the progress and error messages.
2.2.3 Dehomogenization

Click the dehomogenization button in the red frame of Figure 2-36, the dehomogenization dialog
box in Figure 2-37 will pop out. We can choose the SG from CAE or choose SwiftComp input file
‘sqrP2 nSG2 3D S8R.sc’, and then specify the required inputs as shown in Figure 2-37.

EE |

Figure 2-36: Dehomogenization button.
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i
bt

Dehomogenization

SG Model Source
® CAE () SwiftComp Input file

| Laminate_n5G1_20_n3
| Laminate_n5G1_3D_n3
I

| sqrP2_nSG2. 3054

Macroscopic analysis results

Displacements

¥li0 [v2]0 |v3lo

Rotations

C11i_1 cizlo

| e13o
catfo | ezft

o

3o |20 | cazh

Generalized strains

epsilon1] ‘0.001}9 Ieps\\un?_z |0

| epsilon33 ' a

2epsilon23 !O | 2epsilon13 10

| 2epsilont2 | 0.0000

Additional inputs

e Dehomogenization
5G Model Source

() CAE ® SwiftComp Input file

SwiftComp input file: | E:/=Users/sqrP2_nSG2_30_Sd.sc

Analysis type: | Elastic
Macrascopic model: 3D (solid) i;il
Macroscopic analysis results
Displacements
V10 |v2lo |valo
Rotations
cn |cizjo | c1zjo
cao | cz2|n | caajo
ca1fo | ex2fo | a3

Generalized strains

cosilont (00009 | epsion22 [0 | epsiton33 [0 |

2epsilon3 |0 | 2epsilon13 |0 | 2epsilon12 | 0.0000

Additional inputs

| Cancel |

| Cancel ]

Figure 2-37: Dehomogenization parameters for 3D solid model.

Click OK and wait for SwiftComp™ to finish the computation. Switch to the Visualization model,
the user is able to view all the field results components. In the odb tree, 2 sections are created, with
each section containing the same material properties. The nodal stress SN11 component is shown

in Figure 2-38.

Part-1-1 Momogeneous shell section - 24
T Biement Sets {31
£ Meds 5ot (1)
B, suduce Sen

Medul | Fesults
Seasion Dets = e
& B Dutput Databuses 1) 1
= par2 63 30 SER odb =
B Haistory Cutput s B,
ol Seeps (1) W,
8 Insterce (1) oy =
ST Matesials (1) [ 9"
= 3 Sections ) B W
Pait-1-1 Homogeneous shell section - 1H =, F
=]

. Session Coodinate Systems
g DOB Coandinate Symsems
7 User Dt
& Aerctations
B xovpata
60 Mode Datstase (1)
i Il “Spectrums (7
[ HvPices
B 5Dt
[ Patin
4L Display Groups (1]
B Fres Budy Cum

e | IR 5
]

& sweams
B Movies

& mages

Abaqus/Scripting Interface 6,13-3

Wed Apr 28 16:49

Figure 2-38: Dehomogenization results of 3D model.
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2.3 Spherical Inclusion Microstructure with Interphase (3D SG)

2.3.1 3D SG preparation

In this example, assume that both fiber and matrix are isotropic materials (Material Fiber: Young’s
modulus £ = 379.3 GPa, Poisson’s ratio v = 0.1; Material Matrix: Young’s modulus £ = 68.3
GPa, Poisson’s ratio v = 0.3; Material Interphase: £1=117.0 GPa, E»=FE3=8.54 GPa, v{; = v43 =
0.278, v,3 = 0.5, G12=G13=3.9 GPa, G3=2.83 GPa).

Create Materials in the Property module as shown in Figure 2-39.

i Material Manager

Name Create...
Mat-Fiber '
Mat-Matrix CD”"'

[ Edit.. |

Rename..,
Delete...
Evaluate...

Dismiss

Figure 2-39: Material creation.

Then click the 3D common SG button in the red frame in Figure 2-40 so that the dialog box in the
Figure 2-41 will pop out. This 3D SG has length 1.0 in every dimension. The user is allowed to
choose the volume fraction or radius of inclusion and interphase. If there is no interphase, the text
field in the Interface group box is set to be the default value 0.0.

B | BE E(ohElke

Figure 2-40: Create 3D common SG button.
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— 3D Structure Genome

Select a profile

(@) Spherical Inclusion

Geometry
Inclusion Interphase
(®) Volume fraction (Wi f) (@ Volume fraction (vf_i)
() Radius (r) () Thickness ()
o4 o1 |
Note: 0 < vf_f+vf i <= 0.52

Material

Model: Model-1 v/

Inclusion|Mat-Fiber ':I

Matrix I Mat-Matrix

Interface | Mat-Interphase v

Mesh

Approximate global mesh size ,D1 .

Lok | | Apply | | Cancel |

Figure 2-41: Create 3D SG dialog box.

After setting all the parameters as shown in Figure 2-41, click OK to create the SG (Figure 2-42).

Figure 2-42: 3D SG.

2.3.2 Homogenization

Click the homogenization button, a dialog box in Figure 2-43 will pop up. In this example, we
choose the 3D solid macro model, then the default file name will be
‘inclusionP3 nSG3 3D C3D4.sc’. Click OK and wait for preparing the input file of SwiftComp™
and homogenization. After the computation of SwiftComp™, the effective properties will pop up
automatically (Figure 2-44).
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e,
v

| New SaiftComp fi

Model source
® CAE () Input file

Model: Model-1 v Part: inclusionP3 w

Macroscopic model

Homogenization

Dimension
10 (Beam) Classical
20 (Shell)
(@) 30 {Solid)
[] Omega: 1
MNote: Provide ornega if the partis not a line, rectangle or cube
Cptions
Analysis type: Elastic v
Element type: Regular v
Elemental orientation: Global "
Uniform
OK Cancel

Figure 2-43: Homogenization dialog box-use 3D solid model.

Effective Density = 1.0000000E-01

Figure 2-44: Effective properties of 3D solid model.

2.3.3 Dehomogenization

| inclusionP3_nSG3 3D C3D4.sck - Notepad
File Edit Format View Help
| The Effective Stiffness Matrix
1.6128633E+02 2.9414300E+01 2.9481833E+01 09.4487942E-03 2.6025446E-83 3.7568398E-04
2.9414300E+01 B.6586478E+01 2.9892304E+01 2.87280@3E-82 5.0486098E-84 2.8939217E-04
2.9491033E+01 2.9892304E+01 B8.6468291E+01 3.7787911E-82 1.9341302E-02 -2.2359984E-03
9.4407942E-03 2.87280@3E-82 3.7787911E-02 2.7902462E+01 1.0722492E-83 3.3846414E-083
2.6025446E-83 5.0486098E-04 1.9341302E-02 1.0722492E-83 3.1543317E+01 3.3835252E-83
3.7568398E-84 2.8939217E-04 -2.2359984E-03 3.3846414E-83 3.3835252E-03 3.1507916E+01
The Engineering Constants (Approximated as Orthotropic)
El 1.4642955E+02
E2 = 7.3803188E+01
E3 = 7.3700163E+01
G12 =  3.1587915E+@1
G13 = 3.1543312E+@1
G23 = 2.7902441E+01
nul2=  2.5245415E-81
nul3=  2.52747@9E-81
nu23=  3.8243749£-01
The Effective Compliance Matrix
6.8292229E-03 -1.7240656E-83 -1.7260662E-03 1.8019988E-06 5.2246068E-07 -1.9271259E-07
-1.7240656E-03 1.3549550E-82 -4.0978919E-03 -7.8174317E-06 2.4383765E-06 -3.5972347E-07
-1.7260662E-83 -4.0978919E-83 1.3568491E-02 -1.3572278E-05 -8.1113892E-066 1.9138479E-06
1.8019988E-86 -7.8174317E-86 -1.3572278E-@5 3.5839158E-82 -1.2095658E-06 -3.8507147E-06
5.2246868E-87 2.4383765E-86 -8.1113892E-06 -1.2095658E-86 3.1702442E-02 -3.4048827E-06
-1.9271259E-87 -3.5972347E-87 1.013047%9E-06 -3.8507147E-06 -3.4048827E-086 3.1738057E-02

Click the dehomogenization button, the dehomogenization dialog box in Figure 2-45 will pop out.

We

can

choose

the SG from CAE or choose

SwiftComp

input

file

‘inclusionP3 nSG3 3D C3D4.sc’, and then specify the required inputs as shown in Figure 2-45.
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- Dehomogenization — Dehomogenization H
5G Model Source

5G Madel Source

CAE () SwiftComp Input file () CAE (® SwiftComp Input file

[Laminate_ns61.20n5
Laminate_nSG1_30_n3
= = Analysis type: Elastic

[linclusionP3_nSG3_3D_C3D4 [

| sqrP2_nSG2_3D_54

SwiftComp input file: | EU sersfinclusionP3_n5G3_30_C3D4.sc

Macroscopic model: | 3D (solid)

Macroscopic analysis results Macroscopic analysis results

Displacements Displacements

vijo | vz|o |vlo | vio |vz|o |30

Rotations Rotations

a1t |ciz|o c13jo | a1 | czlo |c1zlo

2o | cz2[q | czzlo o | caz1 |cazo

c3|o | cazlo | c331 | c31lo | e3z2|o ez

Generalized strains Generalized strains

epsilonl | 0.0009 | epsiton22 |0 | epsilon3z |0 | epsilon1l | 0.0009 | epsitonz2 |0 | epsilon3z |0
2epsilon23 |0 | 2epsilon13 |0 | 2epsiton1z | 0.0009 | Zepsilon23 |0 | 2epsiton13 |0 | 2epsiton12 0.0008
Additional inputs Additional inputs

Wiz o

|

e ok \ Cancel |

Figure 2-45: Dehomogenization parameters for 3D solid model.

Click OK and wait for SwiftComp™ to finish the computation. Switch to the Visualization model,

the user is able to view all the field results. In the odb tree, 3 sections are created, with each section
containing the same material properties.

Wodd| Results M:m-li'.‘.mlm.m - Mar.lﬂ:|;D-.»’Mlq.n_sc_ﬁu.-'nr(lulmnv}_nSG]_iD_CZDI.th =
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Figure 2-46: Dehomogenization results of 3D model.
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2.4 Summary

Common SG function provides users a convenient way to quickly build the geometry of common

SG, and easily specify material properties they want to test. Users can also test other capabilities
of common SG function if they are interested.
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3 CREATE USER-DEFINED MODEL

Although common SG function provides users a convenient way to build the geometry of the most
common models, often users need to build their own models according to the microstructure they
are analyzing. Without using the common SG function, this chapter will illustrate how to build 2D
square pack microstructure SGs similar to the above common models. Example is not given for
3D SG since the process is exactly the same as creating a 3D part in Abaqus with information of
elements, materials and section assignment. The only difference between user-defined model and
common SG model is the generation of the SG. The homogenization and dehomogenization steps
are the same. So we will only focus on the SG preparation in this chapter.

3.1 Square Pack Microstructure (2D SG)

3.1.1 Step 1: Create materials

To create a customized 2D SG, the first step is to create the materials in Abaqus GUI. For
simplicity, this example uses the material properties in Section 2.3.

3.1.2 Step 2: Set work plane

As stated in Section 1.2.1 Geometry, 2D SG must in Y-Z plane. To set work plane to the Y-Z
plane, click the work plane button in the red frame shown in Figure 3-1. In the dialog box popped
out in Figure 3-2, choose the model and give the part name for the 2D SG, choose the SG dimension
to be 2D. The work plane button will create a datum plane and a datum axis in the part.

| [BE <EShElie

Figure 3-1: Work plane button (red box) and 2D SG button (blue box).

s

w Set sketch plane I!
Model: Model-1 »

New Part Name:  Part-1

3G Dimension

Note: The next step to create the 2D customized SG part, use:
Create Shell : Planar [
L=

0K Cancel

Figure 3-2: Work plane button dialog box.
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Madule: [Z Fan w| Modek [T Modet o Rart [2 Pan-t

Figure 3-3: After use the work plane button.
3.1.3 Step 3: Create geometry of 2D customized SG

Follow the tips given in the work plane button dialog box, the next step is to create the 2D SG
geometry using tool button ‘Create Shell: Planar’ in Part module. Follow the procedure, the user
can create the geometry shown in Figure 3-4 (a). By Partition Face, the user can create the square
pack microstructure as shown in Figure 3-4 (b).

Figure 3-4: The square pack microstructure.

3.1.4 Step 4: Assign material sections, create mesh for the 2D customized SG

The user can then create material sections, assign material sections to the geometry and create
mesh for the 2D customized SG, which are exactly the same as what one needs to do for a general
Abaqus model. Please refer to Section 1.2 for the general remarks.
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In this example, Global seeds are applied, and the mesh is generated using the Mesh Controls
setting: Quad-dominated Element Shape, Free-Technique, Advanced front—use mapped meshing
where appropriate Algorithm. The mesh shown in the Figure 3-5 is quite irregular but can be used
for homogenization and dehomogenization analysis. However, if use Medial axis Algorithm while
keep the other settings, although the mesh generated looks better (Figure 3-6), error will occur
because of the mismatch of the periodic node pairs at the SG boundary edges. The error message
can be checked in the command window as shown in Figure 3-7.

E‘:‘ 2 £ Section Manager . .
[ | Mame Type
= == Shell, Homogeneous i
== | | Section-2 Shell, Homogeneous '
: Create.. | | Edit.. | | Copy. | |Rename.. | Delete..| | Dismiss
+ = !
" = = Section Assignment Manager
s B’g.q | Section Name (Type) MaterialName  Region ]
= ' Section-2 (Shell, Homogeneous) Mat-Matrix Set-Matrix :
5 IL ' Section-1 (Shell, Homegeneous) Mat-Fiber Set-Fiber i

5 I ‘ ' .

a0 AL ' l
Create [ ’ ’ .-

B
%
.

Figure 3-5: The square pack microstructure.

III=E=III
i as

Figure 3-6: The square pack microstructure with mesh2- generated by ‘Medial axis Algorithm’.
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Intel Composer XE 2011 Intel(R) 64 Visual Studio 2010 -0

material may not be copied, reproduced or coded for
reproduction by any electrical. mechanical or chemical
process or combination thereof,. now known or later developed.

These commodities. technology or software were exported from
the United States in accordance with the Export
Administration Regulations. Diversion contrary to U.S. law
prohibited.

'SEEEEEE] B
R KK R KKK

SwiftComp begins at 228588.548
Inputs echoed in file Part—-1-mezhZ.sc.echt?

Constitutive modeling for a 3D modelt?

Homogenization will he carried out?

You are running SwiftComp Parallel Uersiont

Node with coordinates ( ©.5000000000AOAARRGA —0.4P898699999999998
Does not have a corresponding node or has more one node on the negative v2 edge.

Figure 3-7: The error message when use mesh2.

Therefore the user should be skillful in generating good periodic mesh. Possible solutions can be:

1) Choose mesh techniques wisely and do not allow the number of elements to change (Figure
3-8).

2) For symmetrical SGs, the user can first create 1/4 of the geometry for 2D SG, or 1/8 SG
for 3D SG, then use the tools in Assembly module (Patten, Rotate, Merge (mesh)) to create
new part (Figure 3-9).

3) Using other software to generate mesh, for example Hypermesh, Ansys, which allow more
flexible mesh techniques to create periodic mesh. Then the models created can be imported

to Abaqus.
] | 5= Local Seeds
E:EE Basic | Constraints
B, jff Seed Constraints
() Allow the number of elements to increase or decrease

547
Y () Allow the number of elements to increase only
-

(®) Do not allow the number of elements to change

Set Creation

[[] Create set with name: |Edge Seeds-1

(er OK Apply Defaults Cancel

Figure 3-8: Seed by edge and constraint the element number
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Module: [% Assembly v Modek [Z Model-1 v Step: [~ iniat »

Figure 3-9: Tools in Assembly may help in generating periodic mesh

3.2 Arbitrary Shape Inclusions Microstructure (2D SG)

One more user-defined model is shown here, which is a rectangle SG with two arbitrary inclusions.
Users can understand how to create complex shape in Abaqus-SwiftComp GUI, and also know the
capability of SwiftComp™ to calculate such models.

3.2.1 Step 1: Create materials and sections

In this example, assume that both inclusions and matrix are isotropic materials (Material 1: £ =
379.3 GPa, v = 0.1; Material 2: £ =279.3 GPa, v = 0.1; Material 3: £ = 68.3 GPa, v = 0.3).

i Material Manager
Name Create...
Edit... i Section Manager
Copy... Name Type ~
Pl Section-Mat_1 Shell, Homogeneous
": Section-Mat_2 Shell, Homogeneous
|E’ | Section-Mat_3 Shell, Homeogeneous )
Evaluate.., < >
Dismiss , Create... Edit... Copy... Rename... Delete... Dismiss

Figure 3-10: Create materials and sections.
3.2.2 Step 2: Set work plane
Following the procedure as shown in section 3.2 Step 2, the work plane of 2D SG can be created.
3.2.3 Step 3: Create geometry of 2D customized SG

First create the rectangular shell using points (-0.5, -1), (0.5, 1) as shown in Figure 3-11 (a).
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Modube: | % Part | Modet 2 Model-1 ¥ Part: [5 Pan-t

= X Select an edge or kit that will appess | vertical and on the right

(a) (b)

Figure 3-11: Create geometry of the SG.

#= X Pick a stasting corner for the rectangle--or enter Xv: |

Click the tool button ‘Partition face: Sketch’ (Figure 3-11 (b)), then create the isolated points (-
0.2,0.8, 0), (-0.3, 0.7, 0,), (-0.3, 0.4, 0), (-0.1, 0.6, 0), (0, 0.8, 0), (0, 0, 0), (-0.1, 0, 0), (-0.2, -0.3,
0), (0.1, -0.5, 0), (0.1, -0.3, 0) and (0.2, -0.1, 0) (see Figure 3-12 (a)). Create splines through the
points as shown in Figure 3-12 (b).
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Modute: |3 Par vl Modek |- Model-1 v Part [2 Pan-1 v Module: |2 Part v Model | Model-1 n.m_-i: Part-1

TExS

&= X | Picka point--or enter X,¥: 4= X Pick 2 start point for the spline--or enter X ¥: [
Figure 3-12
3.2.4 Step 4: Assign material sections, create mesh for the 2D customized SG

In the property module, the user can assign the material sections created in the first step to the
geometry (Figure 3-13).

iz Section Assignment Manager
Section Name (Type) Material Name Region
Wl SectionMat 2 (Shell, Homegeneous)
v Section-Mat_3 (Shell, Homogeneous) Mat-3 Set-3
v Section-Mat_1 (Shell, Homogeneous) Mat-1 Set-1
Crea_te... | Edit... | | Delete... Dismiss.

Figure 3-13: Assign material sections.
3.2.5 Step 5: Generate User-defined Model Mesh

In this example, Global seeds are applied, and the mesh is generated using the Mesh Controls
setting: Quad-dominated Element Shape, Free-Technique, Advanced front—use mapped meshing
where appropriate Algorithm. The mesh shown in the Figure 3-14 is quite irregular but can be used
for homogenization analysis. However, it can be seen that there is one element (highlighted in the
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yellow ellipse is abnormal. If use this mesh to do the dehomogenization, there will be an error

message in the command window (Figure 3-15). Such a mesh can be repaired as shown in Figure
3-16.

1
o ot

-
—

L S
i

.u’ > 0

Figure 3-14: Mesh need to be repaired.

Intel Composer XE 2011 Intel(R) 64 Visual Studio 2010 = B

Multiscale Constitutive Modeling of Composites

School of Aeronautics and Astronautics
Purdue University

Copyright Motice

Copyright (2815-» by Purdue Research Foundation,. Uest
Lafayette, IN 47986. Unless permission is granted,. this
material may not bhe copied. reproduced or coded for
reproduction by any electrical. mechanical or chemical
process or combination thereof. now known or later developed.

These commodities, technology or softuware we exported from
the United States in accordance with the Exp

Administration Regulations. Diversion contrary to U.S5. law
prohibited

' S3E2E2E22222022 B

IEEEEEEEEEEREREREN]

SwiftComp bhegins at 124537.617
Inputs echoed in file Part—1_nSG2_3D_STRI6S.sc.ech!?

Constitutive modeling for a 3D model*
Dehomogenization will be carried out?
You are running SwiftComp Parallel Version?

Finished reading-processing model file?

Local fields can bhe found in file Part-1_n8G2_3D STRI6S.sc.u and Part-1_nSG2_3D)
STRIGS .sc.sn?

determinant of Jacobian matrix less than @ for element 16. The fiest

everal nodes of distorted element are: 186 ?.6277000000000BA3E-0A2 —

-504426999999999%6 1939 8.168536500000000008 —0.48480400000000081
1812 6.86

Figure 3-15: Error message in dehomogenization.
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whawﬁnu 1 ™

4 %] s gpnr e e .
Figure 3-16: Repair the mesh.
3.2.6 Step 6: Homogenization and dehomogenization

Click the homogenization button, and fill the dialog box as shown in the Figure 3-17, the effective
properties is obtained (Figure 3-18).

Click the dehomogenization button, and fill the dialog box as shown in the Figure 3-19, the local
fields are obtained (Figure 3-20).

¥ Homogenization
(1[New SwiftComp file names |
Model source
® CAE ) Input file
Model: Model-1 v Part: Part-1 v
Macroscopic model
Dimension Dirmensionally reducible structure
D Beam)  pecific model | Classical
() 20 (Shell)
(@) 30 (Solid)
[ Omega: 11 |
Note: Provide omeqga if the part is not a line, rectangle or cube
Options
Analysis type: Elastic v
Element type: Regular v
Elemental orientation: Global :-
Temperature distribution; |Ijr|hxm v
| OK Cancel

Figure 3-17: Homogenization.
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File Edit Format View Help

Part-1_n5G2_3D_STRI65.sck - Notepad

The Effective Stiffness Matrix

1.1867241E+82 3.9178456E+81 3.916@509E+81 8.7837074E-03 0©.00000Q0E+20
3.9178456E+01 1.8175028E+02 4.1663619E+61 2.5405630E-01 0.0000000F+00
3.91605@9E+01 4.1663619E+01 1.8307834E+02 3.9727970E-01 0©.00C000QE+00
8.7837074E-03 2.5485630E-81 3.9727970E-01 3.0012881E+01 0.0000000E+20
a. +08 0. +88 0. +00 0. +88  3.1594771E+01
2] +8@ 8. +08  @. +00 0. +00  4.8742737E-01

The Engineering Constants (Approximated as Orthotropic)

E1 9.7372232E+01
E2 = 7.9655873E+81
E3 = 8.0847679E+01
G612 = 3.8616692E+81
G13 = 3.1587813E+01
G23 = 3.0010957E+81
nul2=  2.7499292E-081
nuld=  2.6888218E-01
nu23=  3.1873800E-01

The Effective Compliance Matrix

1.0269868E-02 -2.8241411E-03 -2.7605630E-03 5.7441968E-05 0©.0000000E+00
-2.8241411E-83 1.2554802E-82 -4.8014375E-@3 -5.2475038E-65 ©.0000000E+00
-2.7685630E-83 -4.0814375E-83 1.2368939E-02 -1.2904759E-84 0.0000000E+00

5.7441968E-85 -5.2475838E-05 -1.2904759E-04 3.3321163E-82 0©.0000000E+00

a. +08 8. +88 8. +08  @. +0@ 3.1658581E-82

a. +08 8. +08 8. +08 0. +08 -5.8389881E-84
Effective Density = 1.8000008E-81

Figure 3-18: Effective properties.

£ Dehomogenization

5G Model Source
AE

() SwiftComp Input file

| LaminateCustom
Laminate_Xin_nSG1_2D_n3

| Laminate.nSG1.2D.n5
Laminate_n5G1_30_n3
Part-1_n5G2_3D_53

RIGS

inclusion
| inclusionP3_new_nSG3_3D_C3D10
| sqrP2_n5G2_3D_S8R

WU e oo o

Macroscopic analysis results

Displacements

vl v2lo |valo
Rotations

et | c12fo ci3fo
czio cali calo
ca1lo cuzlo c 1

Generalized strains
epsilon11 |1 | epsilon2Z2 | 0 epsilon33 |0

2epsilon23 | 0.0009 | 2epsiloni3 0 2epsilon12 | 0.0009

Additicnal inputs

©BO0REOE+20
©DOP00AE+88
©B0PRRAE+a0
©0000B0E+80
8742737E-81
0624212E+01

©D0000AE+88
©B0PRRAE+a0
0BGY00BE+80
0PAPOOAE+80
©389081E-04
2661922E-82

aK Cancel

Figure 3-19: Dehomogenization.
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Magnitude
+1.356894e-04
+1.245328e-04
+1.133763e-04
+1.022197e-04

.186316e-05
. 998660e-05
.§75805e-05
. 759349e-085
.643694e-85
.528038e-085
.412382e-85
.296727e-085
.816718e-@6

Max: +1.356894e-04
Node: Part-1-1.245

Min: +1.81@710e-06
Node: Part-1-1.6162

Part-1_nSG2_3D STRIGS i
ODB: Part-1 nSG2 3D_STRI&S.odb Abaqus/Scripting Interface 6.13-3

~ y Step: Step-1

Figure 3-20: Dehomogenization result: magnitude of displacement.

3.3 Create Layups

Users can use function ‘New layups’ W+ to create Solid-Composite sections which will be used
later. There are two ways to do this. One is through fast generation, the other one is reading from
file.

3.3.1 Fast generation

In this method, user can generate a layup through a rule, such as [0/90/45/-45]2s. User needs to
first create a material. Then provide a new composite section name and the layup rule. The
thickness at the last is for each ply. This method is only suitable for layups with a single material
having different fiber orientations and all plies with the same thickness, which is the most common
case in industry

<= Create Layups

Select a method
(®) Fast generation
() Read from file

Inputs
Model: Model-1 v
Matenal: Matenal-1 v

Section name: | Layup-1
Layup: [0/90/45/-45)2s

Ply thickness: 0.1

OK Apply Cancel
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3.3.2 Read from file

In this method, user needs to prepare a material file and a layup file. To create composite sections,
select ‘Read from file’ in the dialog box, and choose the material file and the layup file, then click
‘OK’. Both the material file and layup file should use the XMLformat and details are described
below. Users are encouraged to have some basic knowledge on XML files. A quick and simple
tutorial can be found at http://www.tutorialspoint.com/xml/index.htm.

5= Create Layups n
Select a method

_I Fast generation

(@) Read from file

Inputs

Import to: Model-1 »

Matenial file: SC_GUI_0515/1aminate/Materialsoml

Layup file:  15_SC_GUI_0575/laminate/Layupsxml

0K Apphy Cancel

Material file

The root element is ‘<materials></materials>’ and each ‘<material></material>’ sub-element
store one material. For the current version, we can only deal with materials with density and elastic
properties.

<materials>
<material type = "ENGINEERING CONSTANTS">

<name>mat_1</name>
<density>1.860000E+03</density>
<el>3.7000E+10</el>
<e2>9.0000E+09</e2>
<e3>9.0000E+09< /e3>
<gl12>4.0000E+09</gl2>
<g13>4.0000E+09</gl13>
<g23>4.0000E+09</g23>
<nul2>0.28</nul2>
<nul3>0.28</nul3>
<nu23>0.28</nu23>

</material>

<material>

</material>

</materials>

Each material has a ‘type’ attribute, which has the same definition as Abaqus, ISOTROPIC,
ENGINEERING CONSTANTS, ORTHOTROPIC or ANISOTROPIC. For each material, user
needs to provide a unique ‘name’. The ‘density’ is optional. When omitted, it will use the default
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value 1.0. The components of elastic properties for each type are the same as those in Abaqus, and
the arrangement of components will not be a problem. For ISOTROPIC, we have 2 components,
‘e’ and ‘nu’. For ENGINEERING CONSTANTS, we have 9 components, ‘el’, ‘€2’, ‘e3’, ‘gl2’,
‘gl13’, ‘23’ ‘nul2’, ‘nul3’ and ‘nu23’. For ORTHOTROPIC, we have 9 components, ‘d1111°,
‘d1122’,°d2222°, °d1133°, *d2233’, “‘d3333’, ‘d1212’, “‘d1313” and ‘d2323’. For ANISOTROPIC,
we have 21 components, ‘d1111°, ‘d1122°, °‘d2222°, ‘d1133’, ‘d2233°, “‘d3333’, ‘d1112’, ‘d2212’,
‘d3312°, <d1212°, “d1113’, ‘d2213°, ‘d3313’, ‘d1213°, ‘d1313°, ‘d1123°, d2223’, d3323’,
‘d1223°, ‘d1323’ and ‘d2323".

Layup file

The root element is ‘<layups></layups>’ and each ‘<layup></layup>’ sub-element stores one
layup.

<layups>
<layup>

<name>layup_1</name>

<layer>
<thickness>@.1</thickness>
<material>mat_1</material>
<fiber_orient>0</fiber_orient>

</layer>

<layer>

</layer>
</layup>

</layups>

For each layup, user needs to provide a unique ‘name’. Each layup has any number of layers, and
for each layer, user needs to provide thickness, material name and fiber orientation.

3.4 Cross-Section with Arbitrary Shape

3.4.1 Laminate in the GUI

—nn Baseline
Layup direction *

Opposite bou
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As shown in the figure, once the direction of layup is decided, the baseline is defined as the starting
edge of the layup and the opposite boundary is the ending edge.

3.4.2 Dialog box

Clicking the icon button == will activate the ‘Assign Layups’ dialog box, shown as below.

o= Assign Layups 561
Pick the layup area: (None) ' Q |
Pick a baseline: (None) E&

Pick the opposite boundary: (None) [}

Number of sampling points: 20

Model: |Model-1 »

Section: | Layup-1 v

oK Apply Cancel

A layup area is the whole segment face before partitioning into different layers and the baseline is
shown as in the figure above. These two objects are required for all type of laminates. The next
two inputs, the opposite boundary and number of sampling points, are required only when the
baseline and opposite boundary are not straight lines. The sampling points are used to replicate
those curved edges in Abaqus sketch module. The more sampling points, the more accurate the
geometry will be. But large number of points will greatly reduce the speed of building the part.
The last two dropdown lists are for users to choose composite layups.

Clicking the icon button ~ * will activate the ‘Erase Layups’ dialog box, shown as below.

%  Erase Layups [ x |
Pick a baseline: (None) [%

0K Apply Cancel

If a layup is assigned mistakenly, user can use this function to delete the wrong assignment. The
baseline is the same as the one when assigning the layup. This function will help user to delete
section assignments, sets and erase lines in the partition sketch, so that user can re-assign the area
without worrying about duplicate or conflicting sets or section assignments.

3.4.3 Prerequisite

Before using the “Assign Layups” function, user needs to provide the geometry of the cross-
section, materials and composite sections.

3.4.4 Example

Step 1: Set work directory
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Menu > File > Set Work Directory.... Select the directory where you want to put all relative files,
.cae, .inp, .sc, etc.

Step 2: Create materials

a0,
Module > Property > Create Material ‘ﬁ Create two materials, Material-1 and Material-2, with
properties you want.

Step 3: Create composite sections

User can create layups using functions described in section 3.3, or using Abaqus’s own functions
by hand, which is described below.

Module > Property > Create Section i’ Create three sections, Layup-1, Layup-2 and Layup-3,
shown as below. Either Solid-Composite or Shell-Composite is fine. Here we use Solid-Composite
sections.

A

- Edit Composite Solid Section n
Name: Layup-1

Type:  Solid, Composite

Layup name:

O Syrmetnc layers

Element

Material Relative Orientation Angle Inl:qnlion Ply Name
5 oints
Thickness
Material-1 4 0 1
Material-2 4 a0 1
Material-2 4 45 1
Material-1 4 -45 1
OK Cancel
B Edit Composite Solid Section Ex
Name: Layup-2
Type: Solid, Composite
Layup name: [
[] Symmetric layers
Element Int ti
Material Relative Orientation Angle mEgreen Ply Name
5 Points
Thickness
Material-2 4 0 1
Material-1 4 90 1
Material-1 4 -45 1
Material-2 4 45 1
0K Cancel
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P
v

MName: Layup-3

Type:  Solid, Composite

Layup name: |

("] Symmetric layers

Material

Material-1
Material-1
Matenial-2
Matenal-1
Material-1

Edit Composite Solid Section “
Ell:I:‘t?:ct Orientation Angle togrition Ply Name
Thickness icaiod
4 45 1
4 -45 1
] 0 1
4 -45 1
4 45 1
OK Cancel

Note here that the thickness of each layer should be actual thickness instead of relative thickness.

Step 4: Draw the general shape

According to the coordinates convention in SwiftComp, the X-axis is along the beam reference

line and the cross-section is

in the Y-Z plane. Thus we need to first set our workplane to Y-Z plane.

In the SwiftComp Toolset, click the icon button ., set the ‘New Part Name’ and select ‘2D’ as

the ‘SG Dimension’. Click ‘OK’.
= Set sketch plane =
Maodel: Model-1 w

MNew Part Name:  Part-1

SG Dimension

Note: The next step to create the 2D customized SG part, use:

Create Shell : Planar [

0K Cancel
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In the toolbox of the Part module, click ‘Create Shell: Planar’ “., following the prompt, select
_t,/* m}

the datum plane and the datum axis. Sketch the shape shown below, using commands * " , ,

AN , -II-, with dimensions marked in the figure.

(-40, 50) P (.70, 50)

5]

(-50, 0) 16

16_1

(-40, -50) (70, -50)

Click ‘Done’, then the part will be generated.

Next we need to divide this part into four segments. Click ‘Partition Face: Sketch’ “=. and select
a vertical edge on the right. Then sketch the partition and click ‘Done’.
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Step 5: Assign layups

First we will assign the layup for the segment on the top. Click ‘Assign Layups’ . in the
SwiftComp toolset. Pick the area 1, pick the baseline 2 and select section ‘Layup-1°. Click ‘OK’.

ol

w Assign Layups

Pick the layup area: (Picked) o [}
Pick a baseline: (Picked) e [}
Pick the opposite boundary: (None) [‘.3
Number of sampling points: 20
Model: |Model-1 v

Section: Layup-1 v

0K Apply Cancel

1l
B Ll L N T T S Sy T Py ST P PSR
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Next, assign the layup for the segment on the left. Pick the area 1, baseline 2, opposite boundary
3, give 20 sampling points and select section ‘Layup-1’. Click ‘OK’.

N

v Assign Layups

Pick the layup area: (Picked)
Pick a baseline: (Picked)

&7 &7 |&7

Pick the opposite boundary: (Pi

Number of sampling points: 20
Model: Model-1 v

Section: Layup-1 v

OK Apply Cancel
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We can do the same for the rest two segments, except that we use ‘Layup-3’ for the right segment.

User may notice that the color for some layers changed after assigning the layup for the right
segment. This is because we have some new sections created in ‘Layup-3’ and the order of the
section list changed, so that the color map also changed. But no need to worry here, since the
section assignment are still right, the only difference is the color.

Step 6: Delete layups

If users find that some layup is assigned mistakenly, it can be deleted and re-assigned. For instance,

we want to re-assign the layup for the left segment. Click ‘Erase Layups’ . In the dialog box
pick the same baseline used for assigning the layup. Click ‘OK’.
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Step 7: Assign local coordinates

Module > Property > Assign Material Orientation &:'.. Note: for a shell part in Abaqus, we can
only have axis 1 and 2 in the cross-section plane. Thus we will make axis 1 and 2 as the local y2
and y3 axis in SwiftComp convention respectively. Here we will keep axis 2 (y3) perpendicular to
the outmost edges and pointing to the outside. User can also let axis 2 point inward, as long as the
local orientation keeps consistency with the global coordinate and fiber orientations defined by
users. Following the prompt, we first select the top segement to be assigned a local material
orientation, and click ‘Done’. Then in the prompt area, click ‘Use Default Orientation or Other
Method’ button. In the ‘Edit Material Orientation’ dialog box, select ‘Discrete’ as the Orientation

Definition. Then click 7 open the ‘Edit Discrete Orientation’ dialog box. In the Normal axis
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definition choose Vector (i,j,k), and set the vector (1.0, 0.0, 0.0). For Primary Axis, choose 1 as the

Primary axis direction and Edges as the Primary axis definition. Click ks to select the light blue

edge shown in the figure below, then click ‘Done’. Use Flip Direction n to make the axis
pointing to the right if necessary. Click ‘Continue...” then ‘OK”’ to finish this assignment. Same

procedure for the rest three segments. Some steps may not be exactly the same

requirement is to make sure that the asix 2 pointing outwards.

A

¥ Edit Material Orientation

Region: (Picked) [
Orientation
Definition:  Discrete

Mormal axis; Vector -- (1.0, 0.0, 0.0
Primary axis: Edge -- Set-18

Additional Rotation
® Maone
) Angle:

() Distribution:

oK Cancel

N

e Edit Discrete Orientation II

Mormal Bxis

MNormal axis direction: (

Normal axis definition: | Vector (i,),k) v

Wectar (ii.k): 1.0,0.0, 0.0

Prirnary Axis
Primary axis direction: @1 ()2 ()3
Primary axis definition: |Edges v

Edges: Set-18 [y

Continue...

Once done, the local orientations should look like the same as the figure shown below.

. The only
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Step 8: Create assembly

a
Module > Assembly > Create Instance % In the ‘Create Instance’ dialog box, select ‘Part-1’,
then click ‘OK’.

Step 9: Mesh

First choose ‘Part’ as the Object. Then click Module > Mesh > Seed Part Eﬁ.. In the ‘Global
Seeds’ dialog box, set Approximate global size to 1, then click ‘OK’, and click ‘Done’ in the
prompt area.
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= Global Seeds EZ
Sizing Controls

Approximate global size: 1

[¥] Curvature control
Maximum deviation factor (0.0 < h/L < 1.0): 0.1
{Approximate number of elements per circle: 8)

Minimum size control
(®) By fraction of global size (0.0 < min < 1.0) 0.1

() By absolute value (0.0 < min < global size) 0.55

oK : Apply | Defaults Cancel

Click ‘Mesh Part’ &., then click ‘Yes’ in the prompt area.

Step 10: Write Abaqus input file

Module > Job > Create Job e! . In the ‘Create Job’ dialog box, set Name to ‘Job-1" and click
‘Continue...’, and click ‘OK’ in the ‘Edit Job’ dialog box. In the model tree, right click ‘Job-1",
click Write Input, then an Abaqus input file ‘Job-1.inp’ is created.

Step 11: Homogenization

o3
Click ‘Homogenization’ button H® in the SwiftComp toolset. In the dialog box, change the

‘Model source’ to ‘Input file’. For ‘Abaqus input file’, select the abaqus input we just created,
‘Job-1.inp’. Then click ‘OK’. Note: since we assigned discrete local coordinates to the cross-
section, those information for each element can only be found in the Abaqus input file. Thus user
can only choose ‘Input file’ as the ‘Model source’ to do the homogenization.

Abaqus-SwiftComp GUI Version 1.2.2 User’s Manual



64

A

- Homogenization “

[ New SwiftComp file name:

Model source
() CAE @) Input file o

Abaqus input file: hon/Abaqus_SC_GUI_0515/laminate/lob-1.inp

Macroscopic model beam reference axis
Dimension Dimensionally reducible structures
® 1D (Bearm)  Specific model: | Classical v
Q2D (Shell) Initial twist/curvature Oblique cross-section
Q306G || ge: [o cosfthetall): |1
9 k12: 0 cos{theta21): 0
k13 0
[] Omega: 11
Note: Provide omeqa if the partis not a line, rectangle or cube
Options “k11
. oblique cross section
Analysis type: Elastic v
Element type: Regular v
Elemental orientation: Local v 0
t Uniform
OK Cancel

After a certain time, depending on the model, SwiftComp will finish computing the cross-sectional
properties and show the results in the notepad. If everything is fine, close the notepad and the
process will end.

Job-1.5ck - Notepad - o IEH

File Edit Format View Help
|| The Effective Stiffress Matrix

7.4737884E+03 -2.5391227E-12 3.7240810E-01 -1.2053488E+05
-2.5391227E-12 1.1191498E+87 1.8275366E-14 -4,3244437E-11
3.724@810E-91 1.0275366E-14 8.6372996E+06 -2,3732439E+01
-1.2053488E+05 -4.3244437E-11 -2.3732439E+01 1.4017825E+07

The Effective Compliance Matrix

1.553435€E-04 4.0405672E-23 -3.0276328E-12 1.3357501E-06
4.8485672E-23 B8.9353546E-08 -1,0632958E-28 6.2308787E-25
-3.0276328E-12 -1.0632958E-28 1.1577693E-07 1.6997884E-13
1.3357501E-06 6.23@8787E-25 1.6997884E-13 §.2823441E-08

Effective Density = 6.1978634E+83

| € >

If error messages pop out, or an empty notepad file appears, please refer to the command line
window for more information.

3.5 Cross-Section with Airfoil Shape

3.5.1 General
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Cross-sections with airfoil shape usually contain several parts, like surfaces, webs and fillings, and
the surface part has several segments and each segment has dozens or hundreds of layers, which
makes it very difficult to build the model by hand as what we have shown in the previous section.
The SwiftComp GUI will help user to draw the cross-section and prepare the SwiftComp input file
automatically from airfoil data. Thus the main topic of this section is the preparation of data files.
Once those files are ready, the whole process will be done by one click. A sample set of files are
also given in the folder airfoil which the users can use as template to adapt for their own cross-
sections.

3.5.2 Input data files

User needs to provide four files: control file, shape file, material file and layup file, which are all
XML files. All files should be placed in the same folder. Now we will describe each file in details.

Control file

This is the main input that will be used in the SwiftComp GUIL

<project type="airfoil">
<shapes>shape_filename</shapes>
<materials>material_filename</materials>
<layups>layup_filename</layups>
<pitch_axis_yz>0.5 0.0</pitch_axis_yz>
<twisted_angle>@.0</twisted_angle>
<chord_length>1.9</chord_length>
<flip>No</flip>
<mesh_size>0.01</mesh_size>
<element_type>linear</element_type>

</project>

‘<project></project>’ is the root element, which has an attribute ‘type="airfoil””’. Since the ‘Read
File’ function mainly deals with cross-sections with airfoil shape, this arribute can be omitted for
the current version. There are seven sub-elements below ‘<project></project>’. The first three sub-
elements indicate the names of the other three data files, with file extensions “.xml” being
appended or omitted. The next three lines tell the general shape parameter for the airfoil. Element
‘<pitch _axis yz></pitch axis yz>’ indicates the normalized location of the pitch axis in the Y-Z
plane, which is the cross-section plane. The two numbers are separated by spaces. Element
‘<twisted angle></twisted angle>’ contains the angle in degree between the actual chord line and
the horizontal line. In the figure below, the ‘angle of attack’ is what we mean by ‘twisted angle’
here. Element ‘<chord length></chord length>’ stores the actual length of the chord line. The last
element ‘<flip></flip>’ is used to indicate whether user want to switch the orientation of the airfoil.
By default, the leading edge is on the left. See the figure below for a sketch of a typical cross-
section of airfoil shape. User also need to provide a global mesh size and element type, which can
be linear or quadratic.
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angle of attack )
chord line

(04 :i /“‘“—‘“ —___camber line
iRt Je——~ / 1P
relative wind \q"‘--.. ------.._;;_bh

et i N

max. thickness /
max. camber

Shape file

This file stores the shape data of the surfaces, webs and fillings, including the geometry
information like coordinates of points and the segment division information like the dividing point
number and the layup id that will be assigned to this segment. The structure is shown below.

LPS (Low Pressure Surface)

--h""""'--a-..
ol = Ema—
_ | [T] _/

LE (Leading Edge) ‘ TE (Trailing Edge)
HPS (High Pressure Surface)

Provide airfoil outline data along
the direction of white arrows.
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0.00035937 0.0029595
0.00162747 0.00696192

9.97E-01 1.33E-04
1.00E+00 0.00E+00
</1lps>

<hps>

00

0.00062671 -0.00294872
0.0030035 -0.00629665

0.9970425 -0.00036119
10
</hps>
</baseline>
<layup side = "left">
<1lps>
1 3 layup_1
</1lps>
<hps>
1 3 layup_1
</hps>
</layup>
</part>
<part structure = "web">

<baseline>
<y _z_angle>0.15 0.0 90.06</y_z_angle>

</baseline>
<layup side = "both">
layup_2
</layup>
</part>

<part structure = "filling">
<region material = "mat_form">3</region>

</part>
</assembly>

<assembly type = "airfoil">
<part structure = "surface">
<baseline type = "spline" format = "lednicer">
<1lps>
00

There is a root element ‘<assembly></assembly>’, whose attribute ‘type’ can be omitted for the
current version. The child element is ‘<part></part>’ and the attribute ‘structure’ for each part tells
what the part is, surface, web or filling. For laminate-like part, surface and web, there are two sub-

elements, ‘<baseline></baseline>’ and ‘<layup></layup>’.
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The ‘baseline’ element of the ‘surface’ part contains two sub-elements, ‘<lps></lps>’ and
‘<hps></hps>’, which store the raw data of the airfoil low pressure surface and high pressure
surface, respectively. Two attributes, ‘type’ and ‘format’ may be used in the future version and
can be omitted here. The arrangement of data for both ‘Ips’ and ‘hps’ is from (0, 0) to (1, 0), which
is from the leading edge to the trailing edge. The ‘baseline’ element for the ‘web’ part contains
any number of sub-elements ‘<y z angle></y z angle>’, each of whom stands for a web. Here a
web is represented by a straight line. The first two numbers are the normalized position of the
baseline on the chord line and the last number is the angle in degree measured from the chord line
segment near the leading edge to the upper part of the web baseline.

The ‘layup’ element has an attribute ‘side’, which can have the value ‘left’, ‘right’ or ‘both’. The
‘side’ is defined according to the direction of the surface baseline, which starts from the trailing
edge, goes along the low pressure surface baseline to the leading edge and back to the trailing edge
along high pressure surface baseline. So basically, if the ‘side’ is ‘left’, then the plies are laid
towards the inside of the airfoil. Thus if the surface baseline is the outmost profile and the leading
edge is on the left, then the ‘side’ should be ‘left’. The value ‘both’ means doing the layup on both
sides of the baseline, but will not double the layup. Or in other words, this means that the baseline
is at the middle of the layup. For the current version, this case can only handle symmetric layup.
Otherwise, user needs to translate the baseline to one side and change some values in the file
accordingly. The ‘layup’ element for the ‘surface’ part contains two sub-elements ‘<lps></lps>’
and ‘<hps></hps>’. In each of them, there are several lines of data and each line represents a
segment and has three values. The first two numbers are the starting and ending points for the
segment and the last string is the layup name that will be defined in the layup file. The first number
of the first line must be 1 and the second number of the last line has to be the total number of points
for low pressure surface or high pressure surface. The ‘layup’ element for ‘web’ part is much
simpler. Each line only contains the layup name for the web.

For the ‘filling” part, such as foam, has only one type of sub-element, ‘<region></region>’. The
number stored between the two tags is region id, which is defined as follows. If there are two webs,
then the inner space of the airfoil is divided into three regions. Starting from the leading edge,
those regions are labeled as ‘1°, ‘2° and ‘3’. The attribute ‘material’ stores the material name,
which is defined in the material file. Here we make the assumption that the materials used for the
fillings are homogeneous, could not generally anisotropic, with material properties given in the
global coordinates.

Material file

Please see section 3.3.2

Layup file

Please see section 3.3.2

3.5.3 Create cross-section model in Abaqus from input files

Step 1: Set working directory

The working directory should contain those data files.
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Step 2: Read input files

Click ‘Read File’ E , set a project name and select the control file. Click ‘OK’.

& 2D Structure Genome - Read from File IEl
Project name: | test

Control file:  squs_SC_GUI_0515/airfoil/controlxmi

oK Cancel

Once done, user should see a meshed airfoil cross-section with different colors representing
different layer types, as shown in the figure below.

Step 3: Make some changes (optional)

At this stage, user can change material properties or meshes. Following these modifications, user
need to re-write the Abaqus input file from the job.

User can also do the creation in command line without entering Abaqus/CAE. First, user needs to
enter the directory where the script ‘drawCS.py’ is located. Then type:

abaqus cae noGui=drawCS.py -- project name control file

where ‘control file’ is the complete file name including path and extension. Press ‘Enter’. Once
done, all those related files can be found in the same place where the control file is.

3.5.4 Homogenization

w3
Click ‘Homogenization’ button H®™ in the SwiftComp toolset. In the dialog box, change the three

items shown as in the figure below. For ‘Abaqus input file’, select the abaqus input we just created,
‘project_name.inp’. Then click ‘OK”.
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A

- Homogenization “

[ New SwiftComp file name:

Model source
() CAE @) Input file o

Abaqus input file: 5/Python/Bbaqus_SC_GUI_0515/airfoil/testinp | T

Macroscopic model beam reference axis
Dimension Dimensionally reducible structures

® 1D (Bearm)  Specific model: | Classical v

Q2D (Shell) Initial twist/curvature Oblique cross-section

() 3D (Sofic) k11: [0 cos(thetall): 1

9 k12: 0 cos{theta21): 0

k13: 0
[] Omega: 11

Note: Provide omeqa if the partis not a line, rectangle or cube

Options b ‘K11
. oblique cross section
Analysis type: Elastic v
Element type: Regular v
Elemnental orientation: Local v 9
ture distribut Uniform
OK Cancel

After a certain time, depending on the model, SwiftComp will finish computing the cross-sectional
properties and show the results in the notepad. If everything is fine, close the notepad and the
process will end.

2] testsck - Notepad - oiEl

File Edit Format \iew Help

| The Effective Stiffness Matrix
7.2013788E+@9 -5.0185363E+07 1.4361550E+88
-5.0185363E4+07 3.4592727E+07 -1.858490ME+06 -
1.4361556E+08 -1.8584964E+06 2.8385353E+07
-1,8956788E+09 -1.2744218E+07 3.1774947E+06

l
v

.@956788E+09
L2744218E+87
L1774947E+06
@952399E+09

W

The Effective Compliance Matrix
L9PO1643E-18 2.9576567E-10 -9,6399953E- 1@

1 9633884E-10
2.9576567E-10 2.9591523E-08 3.6949217E-10

9

1

3913934E-10
B768636E -89
.1280127E-89

-9.6399953E-16 3.8949217E-10 4.6251524E-08 -
L96330B4E-10 ©6.3913934E-10 -1.0768636E-69

o O

Effective Density =  2.6932516E+82

If error messages pop out, or an empty notepad appears, please refer to the command line window
for more information.
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4 IMPORT HOMOGENIZED PROPERTIES TO
MACRO MODEL ANALYSIS

The homogenized properties obtained from homogenization can be imported into a new model
with the name of the sg model. Click the button as shown in the Figure 4-1, a window shown in
Figure 4-2 will pop out. There are 2 methods to import the homogenized properties. If the sg model
is existed, the user can choose the sg model name (sg_name); if there is only SwiftComp analysis
file (.sc.k) available, the user can choose the file and also specify the Analysis type and
Macroscopic model dimension. Click OK and the homogenized properties will be imported.

The examples of Section 2.1 Laminate (1D SG) are used to show how to importe homogenized
properties in this Section.

If the macro model is plate/shell, general plate stiffness will be imported to sections in the Property
module (Figure 4-2, Figure 4-3).

If the macro model is 3D solid, homogenized anisotropic material properties will be imported into
materials in the Property module. If the homogenized material properties is orthotropic (when
expressed in the global coordinate system) and can be expressed using Engineering Constants, a
material defined using Engneering Constants will also be defined in materials (Figure 4-4).

HE | BE B¢ LEfhe

Figure 4-1: Import the homogenize properties in to Abaqus CAE.

i Import homogenized properties

5G Model Source
@ CAE () SwiftComp homogenized properties file

Laminate_n5G1_30_n3

oK Cancel

(a) Import from sg model information
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= Import homogenized properties n
56 Model Source
() CAE (® SwiftComp horogenized properties file

SwiftComp homogenized properties file: | E:/=Users/Laminate_n5G1_2D_n3.sck 3|
Analysis type: | Elastic |
Macroscopic model: | 2D (=hell) v

QK Cancel

(b)  Import from SwiftComp homogenization result file (*.sc.k)

Figure 4-2: Import the homogenize general stiffness section properties of shell model into Abaqus.

Module: : Property w Model: : Laminate_nSG1_2D_n5 v Part I: In
Z <z Section Manager n
T B ||| Name Type
:E l Laminate n5G1_2D_n5 Shell, General Stiffness
il E= - .
nZ,a
&‘ \:il‘
\%‘ = | €reate... | | ‘Editi. | Copy... |Rename...| Delete... | Dismiss

Figure 4-3: Imported homogenize general stiffness section properties of shell model.

Module: |_:-_.5Property v Model: : Laminate_n5G1_3D_n3 %! Part; |- v
[Z — Material Manager
j:[': . Hame . Create... | |
: Laminate_nSG1_30_n5_engi Edit
j}l E Larninate_nSG1_30_n3_matrix
= Copy...
By o
nz Rename... |
B, %0 chaime
= Delete...
g ——
Evaluate...
E% E Dismiss | |
el p— T

Figure 4-4: Imported homogenize material properties of solid model.

Abaqus-SwiftComp GUI Version 1.2.2 User’s Manual



