ELASTIC ANALYSIS OF AN AIRFOIL WITH UNIFORM CROSS-SECTION USING ABAQUS SWIFTCOMP GUI

Elastic analysis of an Airfoil with uniform cross-section using
Abaqus SwiftComp GUI and SwiftComp 2.1

Elastic analysis of an Airfoil with uniform cross-section

In this example, we want to compute the elastic effective properties of an Airfoil with uniform
cross-section, fabricated from plain weave lamina made of isotropic elastic matrix and
transversely isotropic elastic fiber. The MSG solid model is used to predict the effective elastic
properties of a plain weave composite using a three part approach. The Airfoil model is derived
from H. Chen, W. Yu and M. Capellaro and the Airfoil baselines taken from UIUC Airfoil
Coordinate Database, mh104 model.

The first part predicts the effective elastic yarn properties based on the elastic fiber and matrix
properties at the micro-scale. The second part takes the effective yarn properties and matrix
properties to predict the elastic properties of weave composites. The third part uses the effective
weave properties in the 3D Macro-scale analysis to predict the elastic properties of the Airfolil .

Weave
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H. Chen, W. Yu and M. Capellaro

A critical assessment of tools for blade modelling

Airfoil model taken from H. Chen, W. Yu and M. Capellaro g

Airfoil baselines taken from UIUC Airfoil Coordinate Database mh104 model'

The fiber properties are defined as transversely isotropic elastic by means of engineering
constants and the matrix properties are given by means of the elastic modulus with a constant
Poisson’s ratio equal to 0.33 as specified in the table below.

Fiber properties defined as transverselv isotropic elastic

El (MPa)

E2 (MPa)

G12 (MPa)

G23 (MPa)

v12

v23

233.000.0

40.000.0

24000.0

14300.0

04

Isotropic Matrix properties

E (MPa)

W

3500.0

0.35

Material Properties

We will use a square pack 2D SG with fiber volume fraction equal to vf = 0.64.

Software Used
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We will use TexGen4SC 2.0, SwiftComp 2.1 and Abaqus CAE with the Abaqus SwiftComp GUI
for this tutorial. TexGen4SC 2.0 will be used to run the elastic homogenization of the fiber-matrix
square pack microstructure and also for the elastic homogenization of the plain weave laminate.
Abaqus CAE will be used to model the tube and to run the homogenization while SwiftComp
runs in the background.

Solution Procedure

The problem is divided into the following five sections:

Section 1- 2D Micro-scale analysis of the square-pack fiber matrix micro structure using
Texgen4SC.

Section 2- 3D Meso-scale analysis of the plain weave laminate using Texgen4SC2.0.

Section 3- 3D Macro-scale analysis of the Airfoil using Abaqus CAE with the Abaqus SwiftComp
GUI and SwiftComp 2.1.

Sectionl- Micro-scale analysis of the square-pack fiber matrix micro structure using
Texgen4SC.

# Step 1.1. Create the plain weave pattern using TexGen4SC 2.0. Launch TexGen4SC 2.0 on
cdmHUB, the Go to window-> controls-> “Weave” to create mesoscale plain weave SG.
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# Step 1.2. Keeping the geometric properties as required, Click on the upper-right and lower-
left squares to get the woven pattern.
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# Step 1.3.Click “Microscale” under “Homogenization” tab for yarn property calculation. Select
“elastic” as the type of analysis and Enter the material properties for the fiber and matrix and
set fiber Volume fraction as 0.64 and Click “Finish”.
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# Step 1.4. Now a .sc file (micro.sc) will be generated that SwiftComp will take as the input.
SwiftComp will run on the cloud to calculate elastic properties of yarns, e.g., effective microscale
properties. In the pop-up window, you will find the analysis results.
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Section 2- Meso-scale analysis of the plain weave laminate using Texgen4SC.

# Step 2.1. Go to “File->Export->SwiftComp File” to generate the .sc file for mesoscale
analysis.

TexGendSC
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Initial failure |
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>
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weave mesh

# Step 2.2. Define the voxel mesh, Select “elastic” as Type of analysis and Select “Solid
Model”.
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# Step 2.3. Save the .sc (SwiftComp input file) file with a filename of your choice. Click
“Mesoscale” in “Homogenization” tab, which will call SwiftComp to calculate fabric properties.
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Meso Scale Results

# Step 2.4.Transfer this file to your local computer for further analysis.

Section 3- Macro-scale analysis of the Airfoil using Abaqus CAE with the Abaqus
SwiftComp GUI and SwiftComp 2.1.

# Step 3.1. Set sketch plane for customized SG -> Create planar shell -> Select the plane and
vertical axis -> Sketch the cross section shown from the baseline coordinates.
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X Coordmate
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0.94421447
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0.79894110
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0.07046974
0.04874337
0.03081405
0.01681379
0.00687971
0.00143518
0.00053606
0.00006572

Baseline coordinates

Y Coordinate

0.00000000
0.00017047
0.00100213
0.00285474
0.00556001
0.00906779
0.01357364
0.01916802
0.02580144
0.03334313
0.04158593
0.05026338
0.05906756
0.06766426
0.07571157
0.08287416
0.08882939
0.09329359
0.09592864
0.09626763
0.09424396
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0.08451656
0.07727756
0.06875796
0.05918984
0.04880096
0.03786904
0.02676332
0.01592385
0.00647946
0.00370956
0.00112514

X Coordimate

0.00001249
0.00023032
0.00079945
0.00170287
0.00354717
0.00592084
0.01810144
0.03471169
0.05589286
0.08132751
0.11073805
0.14391397
0.18067874
0.22089879
0.26433734
0.31062190
0.35933893
0.40999990
0.46204424
0.51483073
0.56767889
0.61998250
0.67114514
0.72054815
0.76758733
0.81168064
0.85227225
0.88883823
0.92088961
0.94797259
0.96977487
0.98607009
0.99640466
1.00000000

# Step 3.2. Partition the part as shown to obtain the final cross-section

Y Coordinate

-0.00046881
-0.00191488
=0.00329201
=0.00470585
=0.00688469
=0.00912202
-0.01720842
-0.02488211
-0.03226730
-0.03908459
-0.04503763
-0.04986836
-0.05338180
«(.05551392
«0.05636585
«0.05605816
«0.05472399
-0.05254383
-0.04969990
-0.04637175
-0.04264894
-0.03859653
-0.03433153
0.02996944
-0.02560890
-0.02134397
-0.01726049
-0.01343567
-0.00993849
-0.00679919
-0.00402321
-0.00180118
-0.00044469
0.00000000
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# Step 3.3. Enter the material properties for the model. First we need to choose the material
properties from the results of the computed effective elastic properties in the previous part. Then
we need to convert the Constitutive relations provided as SwiftComp’s results into Abaqus’s
Constitutive relations. This can be done by switching the 4th and 6th rows for the relation and
also switching the 4th and 6th column of the stiffness matrix. The relations are provided below.
Within the Materials section of Abaqus CAE, we create a material called “Material-1” and add
the corresponding properties. We can also import the homogenized properties from the toolbar.

(711 ) FT111 Dz Diaz Dz Dz Dz (211
729 Dao9s Daoszz Daosga Dasgz Dasog £99
33 D3a3zz  Dazis Dazia Dazoa £33
< > = < -~ >
017 D912 Dyoia Disos 112
13 sym 313 Diazoa 113
L 093 i Dazoa 1 \ 7oz )
Abaqus's

Constitutive relations
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# Step 3.4. Now go to New Layups and add the material, section name, Layup and thickness to
create the required layup. This is repeated five time since we have multiple layups. We will use
plies of orientation 0,45 and -45 with a individual ply thickness of 0.1 mm for all laminates of the
Airfoil. We will also have to portion the web as shown in part-1 model tree -> partition face->edit
section sketch -> make appropriate changes -> Feature -> Regenerate.
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‘# Step 3.5. To assign the layup, go to Create 2D SG: Assign Layups and the pick the baseline,
the line opposite to the baseline and the area between the two picked line for the section as
shown and then hit Ok. Do this for all sections. Since we have reduced the model, we will
consider the outer lines as base lines
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% Abaqus-SwiftComp GUI Version 6.16-0 - Model Database; C:\Users\17657\De q omp_GULv2.0.1\Abag: ‘omp_GULv2.0.1\Airfailv2.cae [Viewport 1] - X
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# Step 3.6. We can also partition the part and assign materials manually, which is another time
consuming option. Since the add layup feature uses regenerate option each time a new layup is
assigned, the limited computational resources of the free student edition of abaqus will direct
this tutorial to use the manual partition method with half the plies, ie the ply thickness is
increased to 0.2 mm. So the final part with the layups assigned will resemble the figure below.
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‘ # Step 3.7. Now we assign the material orientation for the part. Go to Assign material
orientation -> select the sections of the part with the same orientation -> Done -> Select a CSYS
(use default orientation or other method) -> Definition (Discrete) -> Define -> Primary axis
orientation -> choose edge and flip direction if needed to make the axis point towards a
clockwise direction -> Choose the surfaces for the normal axis definition -> Continue -> OK.
Orientation Axis 1 represents the y2 axis of SwiftComp’s local orientation and orientation axis 2
represents y3 axis of SwiftComp’s local orientation.
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Mesh

# Step 3.10.Create a job and write its input file.
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ip file

# Step 3.11.To the effective elastic properties. we click on Homogenization and select elastic in
Analysis Type. Homogenize the part preferably as a beam using the Homogenization via input
file option to get the final results.
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