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Computation of Viscoelastic Beam properties of a woven
composite TRAC Boom using Abagus SwiftComp GUI, Texgen4SC
and Swift Comp 2.1

Viscoelastic Beam Properties of a TRAC Boom

In this example, we want to compute the Viscoelastic effective properties of a TRAC Boom
fabricated from plain weave composite material made of isotropic viscoelastic matrix and
transversely isotropic elastic fiber. The MSG solid model is used to predict the effective
viscoelastic properties of a plain weave composite using a three part approach.

The first part predicts the effective viscoelastic yarn properties based on the elastic fiber and
viscoelastic matrix properties at the microscale. The second part takes the effective yarn
properties and matrix properties to predict the viscoelastic properties of weave composites. The
third part takes the effective weave properties to predict the viscoelastic properties of the Trac
Boom.

Yarn

Weave
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Trac boom

Web height: 10 mm, Subtended angle: 90 degree, Radius of the flange (curved part): 25 mm,
flange thickness is 1 mm.

The Layup is (0/45/-45/90/0)s , Ply thickness: 0.1 mm. The layup sequence is along with the
direction pointing to the center of flange (Blue arrow).

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

Fiber properties defined as trarsversely isotroplc elastic
E1 [MPa) E2 [MPa) G12 {MPa) G23 [MPa) vi2 v23
233,000.0 15,000.0 2963.0 5635 0.23 0.33

Prory coefficients and relaxation times for the matrix

5 = 1 2 3 4 5 6 7
A - 107 10%° 107® 10 10%= 1010
E(MPa) |[1,0000 |2241 450.8 406.1 3527 E10.4 203.7 1486.0
Material
Properties

We will use a square pack 2D SG with fiber volume fraction equal to v; = 0.64.
Software Used

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 viscoelastic homogenization of the fiber-
matrix square pack microstructure and also for the viscoelastic homogenization of the plain
weave laminate. Abaqus CAE will be used to model the TRAC boom and to run the viscoelastic
homogenization while SwiftComp runs in the background.

Solution Procedure

The problem is solved in the following three steps:
Part 1- Micro-scale analysis of the square-pack fiber matrix micro structure using Texgen4ScC.
Part 2- Meso-scale analysis of the plain weave laminate using Texgen4ScC.

Part 3- Macro-scale analysis of the Trac Boom using Abaqus CAE with the Abaqus SwiftComp
GUI and SwiftComp 2.1.
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Part 1- Micro-scale analysis of the square-pack fiber matrix micro structure using
Texgen4dSC.

TexGen4SC 2.0 provides a function to let users import the material properties from a text file.

Refer to the Predict viscoelastic plate properties of a single-layer plain weave laminate tutorials
for more details regarding preparation of the materials text file.

Follow the step-by-step procedure to solve the problem.
# Step 1.1. Create the plain weave pattern using TexGen4SC 2.0. Launch TexGen4SC 2.0 on
cdmHUB, then Go to window-> controls-> “Weave” to create mesoscale plain weave SG.

& TexGen | |
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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.Upload the .txt file containing matrix and fiber properties to the current session,
using any FTP app, for example, FileZilla, to set up connection with the current session. Refer
to thePredict viscoelastic plate properties of a single-layer plain weave laminate Tutorials for
more details.



/var/www/cdmhub/app/site/wiki/369/T1.3.png
https://cdmhub.org/groups/yugroup/wiki/MainPage/ID:TexGen4SCtutorials/TexGen:TwostephomogenizationforpredictingviscoelasticABDmatricesofasinglelayerplainweavelaminate/

COMPUTATION OF VISCOELASTIC BEAM PROPERTIES OF A WOVEN COMPOSITE TRAC BOOM USING /

MﬂMat_datafNDtepad - O X E:": dhananjay@cdmhub.org - FileZilla — m] X
File Edit Format View Help File Edit View Transfer Server Bookmarks Help
i C e 1 N e | = = 5
et - =00 ITAasse
101 Host: | sftp://cdmhub.or¢| Usemame: | dhananjay Password: resssssssss Port:| | Quickconnect | =
9 0P8 - T oy
1 Status: Connected to cdmhub.org )
1000 ©.33 Status: Starting upload of C:\Users\17657\Desktop\Jobs\Mat data.txt
1000 Status: File transfer successful, transferred 264 bytes in 1 second
224.1 9.33 IStatus: Retrieving directory listing of "/home/cdmhub/dhananjay”... o
100000 Local site: | C:\Users\17657\Desktop\pics\Trac\ ~ | Remote site: | fhome/cdmhub/dhananjay D
450.8 0.33 T P T 5
H Applications = = dhananjay 9
1000000 i - +
E- . Epson printer software &~ . .cache
406.1 .33 ! P )
- Jobs -~ ¢ .config
10000000 =} New folder 7 .dbus
392.7 ©.33 g-1 pics ? fitk
100000000 : : B ?
: E port pics ¢ ssh
810.4 0.33 : : &
H Trac = data
1000000000 : = & .
: &- | Documents v =~ sessions o
203.7 9.33 : [ -
160000000000 Filename Filesize Filetype Last modified # | Filename Filesize Filetype  Lastmodifi.. Permissi.. Owner/Gr. ©
14860 0.33 . dbus File folder 10/15/2019.. drwx-——- 3294 3000
E Image-Fiber_proper... 11,460 PNG File 5/11/2021 10:5... Atk File folder 3/29/2017 .. drwx------ 3294 3000
211 |&] Image-Resin_prope... 16,025 PNGFile 5/11/2021 10:5... ssh File folder 1/18/2017 .. drwx---——-- 3294 3000
sec1 Mat,data.b(t 264 Text Document 5/17/2021 3:36... data File folder 1/14/2021 .. drwx------ 3294 3000
233000 15000 15000 EProper‘ties.png 667,978 PNG File 5/17/2021 3:39... :.environ 72 ENVIRO.. 3/29/2017.. -rw-r--r-- 32943000
8963 8963 5639 [ T0.1jpg 28,398 JPG File 5/12/2021 3:47... (] .gmsh-options 642 GMSH-O.. 3/29/2017.. -rw-r--—-- 3294 3000
@.2 0.2 0.33 [& T0.2jpg 12468 JPG File 5/12/2021 3:46... [ .gmshrc 3331 GMSHR.. 6/15/2020.. -1W-r----- 3294 3000
[ T0.png 28,425 PNGFile 1/23/2021 115.. | ] .octave_hist 2752 OCTAVE.. 9/22/2017.. -rw-—-—--- 3294 3000

Importing Material properties text file

# Step 1.4. Once you uploaded the .txt file, click “Microscale” under “Homogenization” tab for
yarn property calculation. Select “Viscoelastic” as the type of analysis. Set fiber volume fraction
to 0.64.
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This wizard will run microscale analysis for you.
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Type of analysis:
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# Step 1.5. Ignore the matrix and fiber properties in the window, since the material properties
will be imported from the uploaded file.
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# Step 1.5. Click “Import” and select the uploaded .txt file and Click “Finish”. Now a .sc file
(micro.sc) will be generated that SwiftComp will take as the input. SwiftComp will run on the
cloud to calculate viscoelastic properties of yarns, e.g., effective microscale properties. In the
pop-up window, you will find the analysis results.


/var/www/cdmhub/app/site/wiki/369/T1.5.png

COMPUTATION OF VISCOELASTIC BEAM PROPERTIES OF A WOVEN COMPOSITE TRAC BOOM USING /

micre.se.k 3§ |
1 e e e T
2 Effective Viscoslastic Properties at Time: t = 1. 0000000E+ 000
3
4 The Effective Stiffness Matrix
5 ............................................
-] 1.58054526+005 6.94256526+003 6.94296335+003 -9, 2747546E- 004 0. 0000000E+000 0. 0000000E+000
7 6, 942065265+003 1.9815295+004 7. B742466EF003 -1.1722393E- 002 0. 0O000D0E+000 0. 0O0EO00EFOD0
8 6.942596335+003 7. 6742466E003 1.59815291E+004 9. B404582E- 003 0. 0O000D0E+O00 (sl aloslale S 2¢ ale)
=] -8, 2747546E- 004 -1.1722393E- 002 9,8404582E- 003 6. 0440591E+003 0. 0000000E+000 0. 0000000E+000
10 0. 0000000EFO00 0. 000BO00EF 00D 0. 000CO0CEFDOG 0. 000BO00EF 000 B.1507328E+003 9. 4817536E- 005
11 0. 0000000EFO00 0. D00BO00E+QLD 0, 000OD0EFOO0 0. 000EO00E+QDO 5. 4817635E- 005 B.1507330e+003
12
12 The Effective Compliance Matrix
1
15 6, 428B8B1E- 00& -1.6234922E- 00E -1.6234917E- 006 4,8102178E- 013 0. 000000D0E+000 0. 000BO00EFODO
16 - 1.62349226- 006 5.9765115E- 005 - 2. 2572976E- 005 1.5241626E- 010 0. 0000000E+000 0. 0000000E+000
17 -1.6234917E- 006 - 2. 2572576E- 005 5.9765126E- 005 -1.4132404E- 010 0. 0000000E+000 0. 0000000E+000
18 4,8102178E- 013 1.5241626E- 010 -1, 4133404E- 010 1.6545173E- 004 0. 0000000E+O00 0. 0000O00EFQ0O
18 0. 0000000EFOD0 0. 000BO00E+QOD 0, 0000OD0EFQO0 0. 000BO00E+QDO 1. 22568836E- 004 1, 4272360E-012
20 0. 0000000E+000 0. 000C000E+000 0, 0000O00E+000 0. 000C000E+000 1. 4272360e-012 1. 2268835E- 004
21
22 The Enginesring Constants (Approximated as Orthotropic)
2o R e R LR
24 El = 1.5554785+005
25 E2 = 1.6732165E+004
26 Ez = 1.87321686E+004
27 Gl2 = 8, 1507330E+003
28 Gl3 = 8. 1507328E+003
29 G623 = 6. 0440591 E+003
30 nulz= 2.5253075E- 001
31 nulz= 2.5253072E- 001
3z nu23= 3.7769485E- 001
3z
34
35 Effective Density = 0. 000EO00E+Q00
36 i S e e e B S SRR #
3z Effective Viscoslastic Properties at Time: t = 1. 0000000E+001
e
39 The Effective Stiffness Matrix
o
41 1.550536LE+005 5. 94268225+003 6, 94268035+003 -9, 2679192€- 004 0. 0O000D0E+O00 0. 0O00O00E+ODO
42 6. 94268225+003 1.98185485+004 7. 6740087E+O03 -1.1709267E- 002 2. 0000000E+000 0. 0O0CO00E+-000
7 I

Micro scaleResuts

Part 2- Meso-scale analysis of the plain weave laminate using Texgen4ScC.

# Step 2.1. Go to “File->Export->SwiftComp File” to generate the .sc file for mesoscale
analysis.
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# Step 2.2. Define the voxel mesh, Select “Viscoelastic” as Type of analysis and Select “solid
model”. Click “Select file” and select “prop_meso.txt” which is automatically generated during
microscale analysis, and will be used as part of mesoscale analysis input file.
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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.

Part 3- Macro-scale analysis of the Trac Boom using Abaqus CAE with the Abaqus
SwiftComp GUI and SwiftComp 2.1.

# Step 3.1. Using Abaqus CAE with the Abaqus SwiftComp GUI plugin, Create the part
geometry for the TRAC Boom. Use Set sketch plane for customized SG -> Create planar shell
-> Select the plane and vertical axis -> Sketch half of the base line (Highlighted as a red line).
Its geometry is a straight line (Web height) from (0,10) to (0,0) and a curved line (Flange) from
(0,0) to (25,-25) centered at (25,0). Using points at (1,10), (1,0), (25,-24) set the flange
thickness to 1 mm to the right of the baseline and create the part. Mirror the part about the
vertical to get the geometry of the TRAC Boom. Partition the part to separate the web and
flange and also the individual flanges.
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# Step 3.2. To enter the material properties for the part, first we need to choose the material
properties from the results of the computed effective viscoelastic properties in the meso scale
analysis. Within the Materials section of Abaqus CAE, we create a dummy material called
“Material”. Please note that we will not define the material properties using the Abaqus

SwiftComp GUI. Refer to the Computation of effective viscoelastic properties with Abaqus
SwiftComp GUI tutorial for more details.
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# Step 3.3.Use the material properties from the previous section . 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. Since the material

properties are given as a time-dependent properties, We will create a text file to input the time-
dependent material properties described row wise as —

D1111 (t) — D1122 (t) —- D2222 (t) — D1133 (t) — D2233 (t) — D3333 (t) — D1112 (t) — D2212
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intervals.
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output stiffness matrix converted into Abaqus's input stiffness matrix

First Time Interval

60907 10929 9963 0 0 0
10929 60907 9963 0 0 0
SwiftComp's output stiffness matrix 9963 9963 22489 0 0 0
0 0 0 7108 0 0
0 0 0 0 7108 0
0 0 0 0 0 7612
60907 10929 9963 0 0 0
10929 60907 9963 0 0 0
Abaqus's input stiffness matrix 9963 9963 22489 0 0 0
0 0 0 7612 0 0
0 0 0 0 7108 0
0 0 0 0 7108
Abagqus's input in the text file
609087 10929 60907 9963 9963 22489 7] e ] 7612 ] @ %] ] 7108 e ] e 0 ] 7108

Rearranged Material properties
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nposite Assign Special Feature Tools Plug-ins Help K?

HELE | BE <BEIe BiBle 9090 '@

Input Time-dependent Properties

# Time-dependent Material Data X
Method & Analysis
O Prony Coefficients @) Time-dependent
(@) Viscoelastic () Thermoviscoelastic
Material
Model | Model-1 H
Material: H
@) Isotropic (O Engineering constants () Orthotropic () Anisotropic
Material from file
Material data file: 13
4 Select a File X
Directory:| (] Abaqus-SwiftComp_ GLV| B @t A Ak i 8 5[
c [ ] swiftCompGUL.pyc [] UcheckDehoVisual.py ]
D texgenegl.eld D UcheckDehoVisual.pyc D l
D texgenegl.inp D UdetermineNSG.py D t
D texgenegl.ori D UdetermineNSG.pyc D t
D Trac.cae D UdetermineVolume.py [j l
D Trac.inp D UdetermineVolume.pyc D l
Trac_Mat_Prop.txt |_] userDataSG.py !
D Tracv2.cae D userDataSG.pyc D l
€ >
File Name: |Trac_Mat_Prup.txt 0K |
File Filter ‘Allﬁles{"} M| || Rezd-only | Cancel

oK  Apply ' Cancel
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Material properties file

# Step 3.4. Now go to New Layups and add the material, section name, Layup and thickness to
create the required layup. This can be repeated if we have multiple layups. We will use
(0/45/90/-45/0)s as the laminate for the Trac Boom.

-
B B bl Faw  Vigpor Mapal  Getion el Composts  Aogn Specal Famge Jooh  Plag-em Jeip NP

S d oL RBLEAECE | HEREEREhe 095 50 0 2o b I G :

Dl

Ly LR T -@- T_:_:_']'____IE.-L_d_j‘.'I ; 3 4’.1

ol Seepr (]

By Fockd Cuutpeat Enqueshy
By iy Ouirper Ragaem
By fog Poeitn

Layups

‘# 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 right flange as
shown and then hit Ok. Do this for all four sections
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Assign Layups

#Abaqus*iw\ﬂ(umpGUWEvsmn 6.16-0 - Model Database: C:\Users\17657\D q\ omp_GUIv2.0.1 q omp_GUIv2.0.1\Tr 1 - X
[E] Fle Model View Viewport Material Section Profile Composite Assign Special Festure Tools Plug-ins Help K7 - & x

NS YR 1 "

Blotos M| il e me s lEE | BE-EDSELELe EA/ S0 @TT LAREGAL1 23 ¢ ¢ c KRBNIED
e oK " R.E

Model | Results Matera Library Module: [ZProperty  [+] Modek [“Model1 | part: [ZPat-1 |
& Model Database v & o G

48 Models (1)
 Model- 1

W Parts (1)
Pz Materials (1)

& Calibrations

& Sections (5)

- Profiles

48 Assembly

o Steps (1)

B Field Output Requests
B History Output Requests
s Time Points

B ALE Adaptive Mesh Constrair Li U,L‘
‘T Interactions.

& Interaction Properties
-4 Contact Controls

i Contact Initializations.
I Contact Stabilizations
«]] Constraints

{B Connector Sections

By Adaptivity Processes
[l Co-executions
B optimization Processes

%
< > PS simuLIR

The nodel database 'C:\Usersn17657-Desktop~ibaqusnSINULIA hbaqus_Student .Vindowsé4NInc\TracVld.cas’ has been opened
The nodel database "C:\Usersn17657 Downloads“Abaqus-SwiftComp GUI_v2 0. 1%Abaqus-GwiftComp_GUI_v2.0 1\Tracv2 cac” has been opened

[5%]
= - = 3:33AM
B O Typenhere tosearch o @ N "¢ W ¢ I S 2CAQE A B OB D g B

Assign Layups

‘ # Step 3.6.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
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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.

del Database: Ci\Users\ 17657\D a omp_GUIv2.0.1\Abag: omp_GUIv2.0.1\Tracv2.cae [Viewport: 1] - X
-8 x

4 Abaqus-SwiftComp GUI Ver:
B Ele Model View Vi

NEEEYY

| Section Profile Composite Assign Special Festure Tools Plug-ins Help K?
M- [yRegions s T EEEDS BLUNLe HA FIGFIT LARTAL123 4 A c KRBNULE
(oo R CR.E

Model Results  Material Library

£ Model Database | 5 (£ % QF

< 5| [4/[X] select the regions to be assigned alocal material orientation [Done] sets] % simuLia

The nodel database 'C:\Usersn17657<Desl t Vindowsé {NINo\TracVld cas’ has been opened
The nodel database 'C:vUs 915\17657\DDwnluads\Abauus—S T£tConp GUT_v2 D 1\Abaque-SviftConp GUL v2.D.1\Tracsz cac’ has been opened

[5%31
336 AM

2= O Type here to search o @ N "¢ W ¢ I D22CAAB A B OB AV oo %r

Define material orientation
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‘# Step 3.7. Now go to Assemble, create the part instance with dependent mesh.
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# Step 3.8.In the Mesh section, Seed the Part and set approximate global mesh size, then
Click ‘Mesh Part’
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# Step 3.9.Create a job and write its input file.
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=% Analysis
=1 & Jobs (1) X Y

Run Mode

® Immediately

oK Cancel

Job-1

B Adaptivity Processes

B Co-exe utions v >

< > | EX 7S simuLiA

The mcdel database "C:\Users\17657\Desktop\Abaqus \SIMULIA Abaqus_Student WindowsE4\1\Tracv2 cae" has been opened
The job "Job-1" has been created
The job "Job-1" has been cresated

ol
o = I 752 PM
88 O Type here to search O Hi e n ﬁ ﬁ L] @ = ¢ ﬂ A B @ B G &) 5/14/2021 %

ip file

# Step 3.10. Homogenize the part preferably as a 1D beam using the Homogenization via input
file option to get the final results. In the Viscoelastic/Thermoviscoelastic Analysis section, we
define the range of the time (i.e. Initial time” and Final time”) in which we want to output the
effective properties as well as the frequency (i.e. Time increment” defined in decades).
Homogenize the part preferably as a beam using the Homogenization via input file option to get
the final results.
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Global seeds have been assigned

250 elsments have besn gensrated on part

The job "Trac” has been creatsd

Abaqus input file: | C:/Users/17657/Downloads/Abaqus-Swift | 3|

Macroscopic model

Dimension Dimensionally reducible structures
@ 1D (Beam) Specific model: | Classical M
O 20 (shel Initial twist/curvature
O 3D (Selid) er] K2 [¥E}
00 00 00
Oblique cross-section
cosithetal 1) costheta2)
10 00
Note: costhetal) + costhetaz1) <= 1.0
[ Omega:

Note: Provide omega if the combination of structural model

and structure genome is NOT any of the following cases:

) 3D solid model with regular structure genome.

(rectangular for 2D and cuboid for 30};

2) 2D shell model with 1D structure genome;

3) 1D beam medel with 2D struture genome,

Please referto the SwittComp manual for more details

Options

Analysis type: Viscoelastic K
Element type: Reguler K
Elemental orientation: | Global M

emperature u Unifarm
Aperiodic

Oyt Oy Oy

Viscoelastic/ Thermoviscoelastic Analysis
Initial time: 0

Final time: 0

Time increment (decades): | T

Note: Provide o time increment in decades for the desired ffective properties.
Only valid for viscoelastic and thermoviscoelastic cases.

[ Only generate input file. Do not run SwiftComp.

beam rafarance axis

normal cross Section

oblique cross section

oK

Cancel

Part-1

[555] [ The job input fils has been written to 'Trac.inp’

£ Type here to search

Homogenization
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