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Problem Statement

In this example, a 2 by 2 twill woven laminated plate is analyzed using SwiftComp-Patarn GUI. In
order to use PCOMP card in Nastran, the effective properties of woven laminar must be obtained
from multiscale analysis. At micro-scale, yarn effective properties are obtained from fiber and
matrix using SwiftComp solid model, and woven laminar properties are obtained from yarns and
matrix using SwiftComp solid model.

The layup of the laminated plate is [45/0/0/45/0/0/45]s, and the ply thickness is 0.2 mm. Assume
the plate has dimensions Length * Width = 50mm * 50mm. The plate is subjected to fixed-free
boundary conditions, and a uniform pressure is applied at free end with magnitude 10 MPa along
x-direction (Fig. 1).

The fiber properties are E, =276 GPa, E, = E, =19.50GPa, G, =G,; =70GPa, G,; =5.73GPa,

v, =v;, =0.28,v,, =0.70 ,the matrix properties are E =4.76GPa, v =0.37 . The fiber volume

fraction is 0.6.
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Fig. 1 The clamped structure

Microscale homogenization

In order to obtain the effective properties of yarns, homogenization analysis is needed by
considering fibers and matrix. The microstructure of the yarn is usually idealized a square pack
and the SG is shown in Figure 2.
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Fig. 2 Yarn cross-section and its SG
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Open Patran and start a new database named yarn_SG as shown in Fig.3. Click
Geometry>Surface->XYZ, then input the parameters shown in Fig. 4 to center the SG at the origin
so that the reference surface is located in the mid-plane of the structure, and click apply. Next
select Curves->2D Circle. Input the radius of fiber circle 0.437 as the volume fraction is 0.6 and
click apply as shown in Fig. 5. If we define the length of each edge is a, the radius of fiber is r and
the fiber volume fraction is vr. The relation of radius and fiber volume fraction is given in Eq. (1)
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Now the geometry of the SG is still not ready, we need to break the entire domain to be matrix and
fiber. Select Action: Edit, Object: Surface and Method: Break in the Geometry control window
and select the corresponding surface and curve as shown in Fig. 6. Click “Yes” to finish the
geometry generation of this SG.
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Fig. 3 New Patran database named Laminar_SG
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Geometry |

Action:

Object: Surface ¥

Method: zZ v

Surface ID List
4

Refer. Coordinate Frame
Coord 0

Vector Coordinates List
<110

Auto Execute

Origin Coordinates List
[-0.5-050]

Fig. 4 Parameters for generating matrix of the SG

File Group Viewport Viewing Display Preferences Tools Help Utilities

Home | Geometry = Propeies  loads/BCs  Meshing  Analysis  Results
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Fig. 5 Generating fiber inside the matrix
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New Model Preference | Geometry

Action:

Method:  [Break v

A% 11+ O 6

Question from appication SGH

Do you wish to delete the original surfaces?

Fig. 6 Divide surface into fiber surface and matrix surface

Next, we need to define the material properties for fiber and matrix respectively. Click
Materials->Isotropic, input Matrix as material name and click Input Properties and input
parameters as shown in the Fig. 7 and click Apply. Click Materials->3D Orthotropic, input Fiber
as material name and click Input Properties and input parameters as shown in the Fig. 8 and click
Apply.

Select Element Properties Action: Create, Object: 2D and Type: 2D Solid. Give Matrix as Property
Set Name, click Input Properties and select matrix properties click Ok. The click select Application
Region and click on the surface corresponding to matrix material, click Ok and apply. Follow the
same procedure to define fiber properties.

Action: |Create ™
Constitutive Model: Linear Elastic™
Methed: |Manual Input™
Property Name Value
Elastic Modulus = 4760. Ex\st\g Materials
Poisson Ratio = 0.37
Shear Modulus =
Density =
Thermal Expan. Coeff =
Structural Damping Coeff =
Reference Temperature =
-
Material Name
matrix
Current Constitutive Models: Description
Linear Elastic - [,,,,] - [Active] Date: 17-Mar-19 Time:
11:04:58
Input Properties
Change Material Status
Apply

Fig. 7 Input matrix material properties
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2| Input Opticns =L

Constitutive Model: =
RHS Window =

Property Name Walue m‘
Elastic Modulus 11 = 276000. Action:
Elastic Modulus 22 = 19500. Object:
Elastic Modulus 33 = 19500. Method:
Poisson Ratio 12 = 0.28
Poisson Ratio 23 = 0.69599995 Existing Materials
Poisson Ratio 31 = 0.02
Shear Modulus 12 = 70000.
Shear Modulus 23 = 5730.
Shear Modulus 31 = 70000.
Density =
Thermal Expan. Coeff 11 =
Thermal Expan. Coeff 22 =
Thermal Expan. Coeff 33 = *
Structural Damping Coeff =
Reference Temperature =

Material Name

fiber

Description

Date: 17-Mar-19 Time:
11:04:58

Current Constitutive Models:

Linear Elastic - [,,,,] - [Active]

Input Properties

Change Material Status

Fig. 8 Input fiber material properties

Next, we need to mesh the SG. Go to Mesh and assign mesh seed to each edge to make sure that a
periodic mesh will be generated. In this example, each edge contains 20 seeds, and the circle
contains 80 seeds. Go to Finite elements Action: Create, Object: Mesh and Type: Surface. Choose
Elem Shape: Tria, Mesher: Paver and Topology: Tria3 and select the surfaces corresponding to
matrix and fiber. Keep all the other parameters as default values. Click apply, then the SG is
meshed as shown in Fig. 9.

Now we will use the SC functions. Users need to install SC-Patran GUI as described in the
installation manual, copy SwiftComp license file to the working directory, and type “!!input sc.pcl”
in Patran command window to invoke all the SC related functions. Go to SwiftComp icon in the
menu bar, and choose Homogenization->Solid as shown in Fig. 10 and select analysis type to be
ThermoElastic, and keep all the other default parameters click apply. Note if the working directory
contains a file with the same name, a warning message will be popup to ask if users want to
overwrite the existed file. The results will be automatically popup as shown in Fig. 11.
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Finite Elements

Action:

Object:

Type:
OQutput ID List

Node 576

Element 909

Elem Shape
Mesher

[ Paver/Hybrid Parameters...

[ Node Coordinate Frames...

Surface List
Surface 2 3

Global Edge Length
Automatic Calculation
value 0.174584

Prop. Name: - None -
Prop. Type: -N,

[ Select Existing Prop... ]

[ Create New Property... ]

-Apply-

Fig. 9 Mesh the SG

Macroscopic solid model

Options
Analysis type: m

Elemental orientation:

Omega

- Omega

Note: Provide omeaga if the part is not a line, rectang
Aperiodic

D y1© v2© y3

Fig. 10 Select SiwftComp homogenization solid model
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ﬁ Microscale.sc.k - Motepad

File Edit Format View Help
The Effective stiffness Matrix
1.7277296E+05 8.6862739e+03 8.7033387E+03 -2.9516874e-02 0.0000000E+00 0.0000000E+00
8.6862739E4+03 1.7523062E+04 1.02B0137E+04 -1.279292BE-01 0.0000000E+00 O.0000000E+00
8.703338VE+03 1.0280137E+04 1.7524516E+04 1.3074564£-02 0.0000000E+00 0.0000000E+00
-2.9516874E-02 -1.27V92928E-01 1.3074564E-02 3.1003707E402 0.0000000E4+00 0.0000000E4+00
0.0000000E4+00 0.0000000E+00 0.0000000E4+00 0.0000000E+00 6.8065300E4+03 -3.0462985E-02
0.0000000E4+00 0.0000000E+00 0.0000000E+00 0O.0000000E+00 -3.0462985e-02 6.8066997E+03
The Effective Compliance Matrix
5.9760400E-06 -1.8619673E-06 -1.8756708E-06 -1.2025185E-11 0.0000000E+00 0O.0000000E+00
-1.8619673E-06 8.7592778BE-05 -5.0458482E-05 3.8093651E-09 0.0000000E+00 0O, 0000000E+00
-1.8756708E-06 -5.0458482E-05 B.7594131e-05 -2.4692970e-09 0.0000000E+00 0O, 0000000E+00
-1.2025185e-11 3.B092651E-09 -2.4692970e-09 3.2254207e-04 0.0000000E+00 0O.0000000E+00
0.0000000E+00 0O.0000000E+00 0.0000000E+00 O.0000000E+00 1.4691774E-04 6.5752174E-10
0.0000000E+00 0.0000000E+00 0.0000000E4+00 O.0000000E4+00 6.5752174E-10 1.4691408E-04
The Engineering Constants (Approximated as orthotropic)
El = 1.6733489e+05
EZ2 = 1.1416466E+04
E3 = 1.1416290E+04
Gl2 = 6. 8066997E+03
Gl3 = 6.8065300E+03
G23 = 3.1003707e+03
nul2= 3.1157209e-01
nuli= 3.1386516e-01
nu23i= 5.7605756E-01

Fig. 11 Results of solid homogenization analysis

Mesoscale homogenization

Once the effective yarn properties are obtained, we are ready for performing homogenization at
macro-scale to get effective properties of woven laminar. The SG of 2 by 2 twill woven laminar is
shown in Figure 12. The yarn width is 0.8 mm, yarn thickness is 0.1 mm and yarn spacing is 1 mm.
The fabric thickness is 0.2 mm.

Fig. 12 2 by 2 twill woven SG

SwiftComp solid model is used for macro-scale homogenization, then import scmat
(PCOMP+MATS) function is used to create MAT8 properties in Patran.
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Create a new database named Mesoscale, select SwiftComp->Create woven composites->2 by 2
twill woven SG as shown in Figure 13. The woven SG is created by TexGen4SC in the background,
and users only need to input some parameters to define the SG as shown in Figure 14. The
geometric information is given in this example. The woven composites using TexGen4SC is
meshed using voxel mesh method to avoid distorted elements, and the voxel count needs to be
defined for each direction in woven SG. In this example, we can keep all the default parameters,
and click apply. TexGen4SC will be invoked in the background, and users will see the windows
prompt as shown in Figure 15. Once the woven composites are generated, the prompt will be
automatically closed. Note the woven SG is created in the sc file, and users need to use import sc
file function to import the woven SG into Patran.

Homogenization 4
Dehomogenization L4
Failure-Input failure constants PolEs wY R OBs Be 28 2l LF

Failure-Initial failure L4 B

Failure-Failure index/Strength ratic  *

Failure-Failure envelope
Import scmat

Create woven compaosites Import yarn properties

Import SC file plain woven 5G

2 by 2 twill woven SG

Run script

Fig. 13 Select woven type

2 by 2 twill wowen textile composites

Geometric parameters

Yarn width Yarn spacing
0.8 1.0
Yarn thickness Mumber of layers
0.1 1
Gap size
0.0
Mesh size
x woxel count ¥ wvoxel count
20 20

Z woxel count
10

Wowven SG name

WOowWen_sC

[ Apply I I Cancel I

Fig. 14 Define woven geometric, material and mesh parameters
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oup Viewport Viewing Display Preferences Tools Help Utilities SwiftComp

Geometry

|88

Properties Loads/BCs

] A ‘

Meshing

Analysis Results

= = | e I !'M" Kl AIRNIIED

[

Correcting interference for "

nodes

Building yarn sections

Adding yarn surface
Building yarn slave

to mesh
nodes

Building yarn sections

Adding yarn surface

to mesh

Building yarn sections

Adding yarn surface

to mesh

Building yarn sections

Adding varn surface

to mesh

Building yarn sections

Adding varn surface

to mesh

Building yarn sections

Adding yarn surface
Building yarn slave

to mesh
nodes

Building yarn sections

Building yarn slave
Building yarn slave
Building yarn slave
Building yarn slave
Adding yarn surface
Building yarn slave

nodes
nodes
nodes
nodes
to mesh
nodes

Building yarn sections

J 7] c\01-Work\01-Software\07-1-Python2\python\python.exe

Building yarn slave

' with gap size of @

Fig. 15 Woven SG creation
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Select SwiftComp->Import SC file as shown in Figure 16, the default sc file name is woven_sc.sc.
The geometry and material properties of woven SG are imported into Patran database. The yarns
of this SG is shown in Figure 17. Matrix and individual yarns are defined in different groups. In
this case, there is one matrix group and 8 yarn groups as shown in Fig. 18. The multiple groups
enable users to define different properties for different yarns. In this example, we will only
consider just one set of yarn properties which are obtained from microscale analysis. The matrix
properties are predefined, and users need to change the corresponding default properties to the

user-define one.

SwifttComp

Homogenization
Dehomogenization
Failure-Input failure constants
Failure-Initial failure
Failure-Failure index/Strength
Failure-Failure envelope
Import scmat

Create woven composites

Impart SC file

2| Import SwiftComp input file

-

2
2
3 Look in: C:\Patra..\sc_data '| Qo 4] Eﬁ [E]
v .:!! My Computer Name Size Type Dat
iz b 3 liuisizpe |*| woven_sc.sc 6.B  scFile 3/13
> - || Microscale.sc S8 KB scFile 3/17
[*| SP.sc 57 KB s¢ File 31

3 ! Desktop

Documents

Tutorial #5

Fig. 16 Import woven SG into Patran
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Fig. 17 Yarns of the woven SG in Patran

Materials Group

Action:

Post ™

Current Viewport

default_viewport

Select Groups to Post

[defaut grovp |

matrix
varnl
varnz
varna
yarnd
Yarns
Varno
varny
varng

Fig. 18 Groups of matrix and yarns

The matrix properties are given in Fig.7. Note that the convention of the constitutive equation in
Nastran and SwiftComp is different which means users cannot directly input the 6 by 6 stiffness
in Fig. 11 into Patran. If we define Gjjas the stiffness matrix in Nastran and Cjj as the stiffness
matrix in SwiftComp, we have the following relations in Table 1. Therefore, the yarn properties
are changed to the properties given in Fig. 19.

Table 1. Relation between Nastran and SwiftComp in constitutive equation
Gu1=Cu1 G =Cp2 G13=Cu Gi14=Cus Gi5 =Cus Gi16 =Cis G2 =C2
Ga3 = Co3 G24=Cu G5 =Cos Ga6= Cos5 Gs3 = Ca3 Gas = Csp Gas = Cazs
Gze = Cass Gas = Cep Guas = Cus Guae = Csp Gss = Cas Gse = Cus Gee = Css
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Constitutive Model:

Linear Elastic™

Property Name

Value

Stiffness 11 =

Stiffness 12 =

Stiffness 13 =

stiffness 14 =

Stiffness 15 =

Stiffness 16 =

Stiffness 22 =

Stiffness 23 =

stiffness 24 =

Stiffness 25 =

Stiffness 26 =

Stiffness 33 =

stiffness 34 =

Stiffness 35 =

Stiffness 36 =

Stiffness 44 =

stiffness 45 =

Stiffness 46 =

Stiffness 55 =

Stiffness 56 =

stiffness 66 =

Density =

Thermal Expan. Coeff 11 =
Thermal Expan. Coeff 22 =
Thermal Expan. Coeff 33 =

Thermal Expan. Coeff 12 =

172772.95
8686.2695

8686.2695

17523.061

10280.14

17523.061

6806.7002

3100.3701

6306.7002

Fig. 18 Yarn properties

m

Select SwiftComp->Homogenization->Solid as shown in Figure 20, and click apply. Then, the
effective constitutive information of solid model is automatically pop up.

viewing Display Preferences Tools Help Utilities [SwiftComp |

i = H =

Loads/BCs  Materials  Properties Load Cases Fields

el R FEEGE PR

Mesoscale.db - default_viewport - yarn

ult_viewport - yarns - Entity

Tutorial #5

Homogenization
Dehomoegenization

Failure-Input failure constants
Failure-Initial failure
Failure-Failure index/Strength ratio
Failure-Failure envelope

Import scmat

Create woven composites

Import 5C file

Beam

Flate

Solid

\2| SwiftComp Homogenization

=

B e R e A

Macroscopic solid model

Options

P
S

Omega

© omegd

| Note: Provide omega if the part is not a line, rectang

Aperiodic

@@ y20 y3

Apply

Cancel

Fig. 20 Homogenization using SwiftComp solid model
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Effective S5tiffness Matrix

5.073B030E+04 8.165636T7TE+03 7.0391837E+03 -1.6845505E-12 -6.0641416E-13 3.01T70204E+01
8.1656367TE+03 5.073804%E+04 7.0391832E+03 1.6845115E-12 8.8408731E-13 3.0154597E+01
T7.0391837TE+03 7.0391832E+03 1.242T7646E+04 2.6487T478BE-13 3.4096543E-13 4.85987T20E+00
-1.6845505E-12 1.6845115E-12 2.6487478BE-13 2.8959011E+03 1.327258%E+01 -2.8308591E-13
-6.0641416E-13 ©8.8408731E-13 3.4096543E-13 1.3272589E+01 2.8959012E+03 4.803999%96E-13
3.0170204E+01 3.01545%7E+01 4.8598720E+00 -2.83085%91E-13 4.80399%96E-13 3.73654B0E+03
The Effectiwve Compliance Matrix
2.15622T72E-05 -1.9271278E-06 -1.1121550E-05 1.4637755E-20 6£.3698368E-21 -1.4408408E-07
-1.9271279E-06 2.1562263E-05 -1.1121544E-05 -1.2634723E-20 -5.5950225E-21 -1.4398530E-07
-1.1121550E-05 -1.1121544E-05 9.3064522E-05 -B.4614185E-21 -9.8620206E-21 5.8509471E-08
1.4637755E-20 -1.2634723E-20 -8.4614185E-21 3.45322%92E-04 -1.5826953E-06 2.6360393E-20
6.369836BE-21 -5.5950225E-21 -9.8620206E-21 -1.5826953E-06 3.4532291E-04 -4.4510785E-20
-1.4408408E-07 -1.43985390E-07 ©5.8509471E-08 2.6360393E-20 -4.4510785E-20 2.6762895E-04
The Engineering Constants (Approximated as Crthotropic)
El1 = 4,637T301E+04
E2 4,637T7322E+04
E3 1.0745233E+04
Gl12 = 3.7365166E+03
G13 = 2.8B958403E+03
G23 = 2.B958402E+03
null= 8.937498%E-02
nul3= 5.1578748E-01
nu23= 5.1578743E-01

Effective Density = 0.0000000E400

Fig. 21 Homogenization constitutive information for solid model

Macroscale analysis

This is the third step of using MSG to analyze woven laminated plate structures. We will perform
macroscopic structural analysis. Open a new database and create a woven laminated plate structure
as shown in Fig. 21. The user shall use consistent units in the SG and in the structural level database.

New Model Preference | Geometry

Acton  [Crome ~

Obect >

Metnod [z v

)

Serface D Lat

Reter. Coortnate Frame
Cocrd 0

Vector Cooranates List
<50 500

Flause
Onign Coordnates List
000)

-

Fig. 22 Geometry of the laminated plate structure
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In order to use PCOMP card in Nastran, we need to import MAT8 card from SwiftComp results.
Users can import SC results file as shown in Fig. 23. The MAT8 import function can be found
under Import scmat/Plate/PCOMP+MATS. Then users can go to Material Properties, and check
the homogenized 2D orthogonal material properties shown in Figure 24.

Users need to go to Composite->Lamination to define the layup and thickness of this laminated
plate as shown in Figure 25, then users need to go to define Shell properties with laminate options

as shown in Figure 26.

SwiftComp

Homogenization

Dehomeogenization

Failure-Initial failure

Failure-Failure envelope

Import scmat

Import SC file

B Input Options

Failure-Input failure constants

Failure-Failure index/Strength ratio

Create woven composites

N ‘Bl Import 5C solid materials for MAT8 =
»
P Look in: | Ci\Patra.\sc. data ¥ | @ © © @ @
2
. %] ‘, & My Computer Name Size Type Dat
3 KB i
N 2 tutsizec i Mfasnscale.sc.k k Ffle 3/1
. |*| Microscale.sc.k 3 KB I File 31

4 Beam . Desktop 1*] 5P.sc.k 3 KB k File 31
2

plate ¥ PSHELL+MATZ

Solid PCOMP+MATS

Fig. 23 Import laminar properties

| =

Constitutive Model:

Property Name

Linear Elastic™

Value

Elastic Modulus 11 =
Elastic Modulus 22 =
Poisson Ratio 12 =

Shear Modulus 12 =
Shear Modulus 23 =
Shear Modulus 13 =

Density =

46377.301
46377.32
0.089374939
3736.5166
2895.5401
2895.8403

Thermal Expan. Coeff 11 =
Thermal Expan. Coeff 22 =
Structural Damping Coeff =

Reference Temperature =

Current Constitutive Models:

Linear Elastic - [,,,,] - [Active]

Tutorial #5

Clear

Cancel

RHS Window

Materials
Action:
Method:

Existing Materials

-

Material Name
Mesoscale.sc

Description
This material comes from

homogenization results by
SwiftComp

Input Properties

Change Material Status

Fig. 24 Define material properties for PCOMP

Page 13




Tutorial #5

2 i oot

Stacking Sequence Convention Offset [RHS Window 5
Stacking Sequence Definition Materials
Input Data Mesoscale.sc [ Auto Highlight Action:
Material Name Thickness Crientation Global Ply 1D
Method:
1 Mesoscale.sc 2.000000E-01 4.500000E+01
2 Mesoscale.sc 2.000000E-01 0.000000E+00 f"i“i"g Hetanisi
3 Mesoscale.sc 2.000000E-01 0.000000E+00
4 Mesoscale.sc 2.000000E-01 4.500000E+01
5 Mesoscale.sc 2.000000E-01 0.000000E+00
6 Mesoscale.sc 2.000000E-01 0.000000E+00
7 Mesoscale.sc 2.000000E-01 4.500000E+01
8 Mesoscale.sc 2.000000E-01 4.500000E+01
E Mesoscale.sc 2.000000E-01 0.000000E+00
10 Mesoscale.sc 2.000000E-01 0.000000E+00 Fommetod c“”‘p“
11 Mesoscale.sc 2.000000E-01 4.500000E+01
12 Mesoscale.sc 2.000000E-01 0.000000E+00
13 Mesoscale.sc 2.000000E-01 0.000000E+00
14 _ 2.000000E-01 4.500000E+01

Set Thickness = for ALL Layers of "Mesoscale.sc”

Total Thickness in Spreadsheet = 2.8000004 Flies in Spreadsheet = 14

Total Thickness in Stacking Sequence = 2.8000004 Plies in Stacking Sequence = 14
[Delete Selected Ruws] [ Insert 1
I Show Laminate Properties... I [ Clear Databoxes

Material Name

laminate

Material Description

Fig.25 Define layup and thickness of laminated plate

[l
=

[N Input Properties
Stan. Lam. Plate (CQUAD4/PCOMP)

[

-Apply-

I

[

Reset

Property Name Value Value Type
Waterial Name Ilaminate Mat Prop Name ﬁ
e
[Material Orientation] | Element Properties |
[Nonstructural Mass] Real Scalar A
= Object: En
[Plate Offset] Real Scalar -
Type:
[Bonding Shear] Real Scalar
[Reference Temperature] Real Scalar %
[Damping Coefficient] Real Scalar
Nonlinear Formulation(SOL400) String ¥ ‘V
< i | (2]

——

=]

woven

Property Set Name

Enter the Material Name or select a material with the icon.

Standard Formulation A

l Input Properties ...

—

Select Application Region ...

[l

Fig. 26 Define shell elements with laminate options

Apply
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Next, users can define the displacement boundary conditions and apply the pressure loading
required in the problem statement. Mesh the model and submit the job. For those who are familiar
with Patran/Nastran, these steps are very easy to complete, and therefore a detailed description of
the modeling steps is not included in this manual. The screenshot for the model is given in Figure
27, and the typical displacements and stresses screenshots are given in Figure 28 and 29 just for
reference.

ﬂ Macroscale.db - default_viewport - default_group - Entity li“ﬂ“é

Fig. 28 Magnitude of displacement results
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&) Macroscale.db - default_viewport - default_group - Entity ===

dent Edition)

Fig. 29 von Mises stresses of layer 1
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