PREDICT VISCOELASTIC PLATE PROPERTIES OF A SINGLE-LAYER PLAIN WEAVE LAMINATE

Predict viscoelastic plate properties of a single-layer plain weave
laminate

Problem Description

The MSG solid model is used to predict the effective viscoelastic properties of a plain weave
composite using a two-step approach.

The first step predicts the effective viscoelastic yarn properties based on the elastic fiber and
viscoelastic matrix properties at the microscale. Instead of fitting Prony series for yarn
properties, SwiftComp provides another option to define the viscoelastic properties of yarns
using general time-dependent properties. This will avoid the efforts in fitting Prony series and
the inaccuracies in the fitting.

The second step takes the effective yarn properties and matrix properties to predict the
viscoelastic properties of weave composites.

The microscale and mesoscale models are given as
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TexGen4SC 2.0

Companion Video

Please refer to the YouTube video below showing the solution procedure described in this page.

Solution
Preparation: Fiber and matrix properties organized in a .txt file

Since the viscoelastic properties are defined using Prony series or time-dependent properties,
users need to input a lot of information. To simplify this process, TexGen4SC 2.0 provides a
function to let users import the properties from a text file. An example of defining viscoelastic
properties at the microscale is given as
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In this example, Line #1 through Line #20 are to describe viscoelastic properties of the matrix,
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while Line # 23 to Line # 27 are elastic fiber properties. Specific meanings of these numbers are
given as below.

Line #1: log10(start time), log10(end time), log10(time increment). Viscoelastic
materials exhibit time-dependent behaviors. This line specifies the time point where you
want to calculate the effective yarn properties. In this example, “0 14 1” means the time
starting from $$1070$$s to $$10°{14}$$s and the increment is $$10"1$3$s. Therefore,
this analysis will be performed at {$$10"°0$$,$$1071$3$,$$1012$$, ..., $$10°{14}$3$}.

e Line #2: separation from the time increment to the material properties as expressed
using “***”.,

e Line #3: material ID, type of isotropy, number of temperatures. Here, the first
number “1” means material No. 1. The second number “0” means “isotropic”. This can
also be “1” (orthotropic), or “2” (anisotropic). The last number “1” means one
temperature considered. These are inherent descriptions used in SwiftComp to define
material properties. You may find more details about description conventions in
SwiftComp User Manual. The most relevant contents are on Page 29 of “SCtheory.pdf” .

e Line #4: temperature, density, type of description, number of series terms. In this
case, temperature is not a variable so we leave these two as zeros “0 0”. To study
thermal effects, please check other examples such as thermoelastic properties of plain
woven composites. “P” stands for Prony, which means that the matrix properties are
expressed using Prony series: $$E(t) = E_{inf} + sum(E_kexp(-t/\rho_k))$3$, where
$3\rho_k$$ is the relaxation time. Prony series expansion is a common method to
describe viscoelastic behaviors by fitting experimental data with a finite number of
exponential terms. “8” stands for the number of exponential terms.

e Line#5, 7, ...19: $$\rho_k$$ of each term in Prony series.

e Line #6, 8, ...20: Young’'s modulus ($$E_k$3$) and Poisson’s ratio ($$\nu_k$$) in each
term. Poisson’s ratio is assumed to be time-independent in this case.

¢ The Prony series coefficients of the matrix are given as
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k Pk Is] E; [MPa]
00 = 149.5
1 1.89E+01 74.75
2 1.00E+02 194.35
3 1.00E+03 254.15
4 2.00E+04 110.63
5 1.00E+05 158.47
6 1.95SE+06 92.69
7 1.77E+07 71.76

e Line #23: “2 1 1” means material No. 2, orthotropic (“1”), 1 temperature. Same
conventions applied here as in Line #3.

e Line #24: “0 0” as no temperature or density change. “C” stands for Constant which
means the fiber properties are time-independent. “1” means one set of material
properties.

e Line #25, 26, 27: for an orthotropic material (“1”), nine constants are used to describe
the material. The nine constants are arranged in these three lines as:

$$E_1$3 $SE_2%$$ $$E_3%$$
$$G_{12}$$ $$G_{13}$$ $$G_{23}$$
$$\nu_{12}$$ $$\nu_{13}$$ $$\nu_{23}$$

Now we’re ready to calculate yarn and fabric properties using TexGen. Below describes the

step-by-step procedure to solve the problem. It is better to accompany this document with the
youtube video.

1. Create plain weave pattern

¢ Click “Weave” to create mesoscale plain weave SG.
¢ |nput the yarn geometries.
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& Weave Wizard

Warp Yarns: =

Weft Yarns: 2 &

-

Yarn Spacing: 1
Yarn Width: ]03
Fabric Thickness: 1.3.2

[] Create 3D weave
L1 Create layered textile

Create default domain

[]iAdd 10% to domain height

Refine model
Force in-plane tangents at nodes

1 shear textile

This wizard will create a 2d textile weave model for you.

Number of weave layers: 1 =

[] Create sheared domain

Gap size; |0
Shear angle (degrees): 0.0

<= Back MNext = 3¢ cancel |

¢ Click “Next” and you'll see some yarns in 0 and 90 degree directions.
¢ Click on the upper-right and lower-left squares to get the woven pattern.
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& Weave pattern 0 X

Set the weave pattern. Right click on top or side bars to change individual yarn settings

s —

Cancel oK
% concel |

¢ Click “OK”, and the correct fabric pattern will show up after several seconds.

2. Microscale (yarn) properties

¢ Now you need to upload the .txt file containing matrix and fiber properties to the current
session (data/sessions/number).

You may use any FTP app, for example, FileZilla, to set up connection with
cdmhub.org/your_user_name, and to upload and download the files.


/var/www/cdmhub/app/site/wiki/332/ex1Woven2.jpg
http://cdmhub.org/your_user_name

PREDICT VISCOELASTIC PLATE PROPERTIES OF A SINGLE-LAYER PLAIN WEAVE LAMINATE

A cdmhub-home - sftp://liu1512@cdmhub.org - FileZilla - -

File Edit View Transfer Server Bookmarks Help

E-EEFOE OO v Taos
Haost: Username: Password: Port: B

Status: Retrieving directory listing of "/home/cdmhub/liul512/data/sessions"...
Status: Listing directory /home/cdmhub/liul512/data/sessions
Status: Directory listing of "/home/cdmhub/liul512/data/sessions” successful
Status: Retrieving directory listing of "/home/cdmhub/liul512/data/sessions/30405"...
Status: Listing directory fhome/cdmhub/liul512/data/sessions/30405
Status: Directory listing of "/home/cdmhub/liul512/data/sessions/30405" successful
Status: Connecting to cdmhub.org...
Status: Connected to cdmhub.org
Status: Starting upload of C:\01-Work\14-Others\cdmhub\TexGend 5C_2 D'viscoelastic\prop_micro.bd
Status: File transfer successful, transferred 263 bytes in 1 second
Status: Retrieving directory listing of "/home/cdmhub/liul512/data/sessions/30405"...
Status: Listing directory /home/cdmhub/liul512/data/sessions/30405
Status: Directory lis " 2{data; +
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Alternatively, in Terminal you may type in the following commands:

sftp your_user_name@cdmhub.org with your login password

cd /home/cdmhub/your_user_name/data/sessions/six_digit_session_number
put /path_to_your_local_.txt_file/filename.txt

use get command if you want to download any result file.

e Once you uploaded the .txt file, click “Microscale” under “Homogenization” tab for yarn
property calculation.

e Select “Viscoelastic” as the type of analysis.
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i TexGen

fle Window Textil @ SwiftfComp Wizard

Controls
Textiles

‘Create.-
Empty
Weave
30 Weave
Layered

Edit

Delete

Homogenization -

Microscale

Mesoscale

Log windows

@ Python Consol

=

& TexGen

This wizard will run microscale analysis for you.

Microscale model:

Square pack
Type of analysis:

[] Elastic

Matrix properties:

Em:
Alpha:

Fiber properties:
EL:

Gl2:
nulz:

Alphal:

Volumne fraction:

wf:

[] Hexagonal pack
[] Thermoelastic

13.45e3
]63e-6

]23083
24e3

nu:

E2:
G23:
nuz23:

Alphaz:

[] Thermoviscoelastic

[03s

]4093

]14.3e3

T -
Node (0}
MNode (1)
Node (2)

v Em
MNode (0)
MNode (1)
Node (2}

>
Node (0)
Node (1) ||
MNode (2)

¥ Yarn (3

)
[T

Insert Node

[0.40

[10e-6

i SwiftComp Wizard

Duplicate Yarn
Delete Selected

®

You may ignore the matrix and fiber properties in the window, as we’ll import properties from
the uploaded file.
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& TexGen

Ele window Te: @ Select the properties file
Controls —
E 7 1 4 ]I—j liuls12 | data | sessiens I30405
Textiles
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¢ Click “Import” and select the uploaded .txt file.

e 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.
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Effective ¥Wiscoelastic Properties at Time: t = 1. BOPRGOGE+HEE

The Effective Stiffress Matrixz

1. 1877383E+005 1. 452344 3E+003 1. 462344 GE+0G3 9. 063466 1E - 005 0. QA0GRGGE+EHG O, QOE0AHGE+00G
1. 462344 3E+003 3. GATERITIE+B03 1.5510386E+003 -1.5366248E-001 0. BOGEAGGE+R00 [EReleleleleTeTe] e Tel el
1. 4623440E+003 1.5518386E+003 3. G4TERIATE+OO3 1.5413678E-001 0. BOGEAGGE+060 [EMELeleTeleTeTe] Tl e)
9. 063466 1E- 005 -1.5366248E-001 1.5413G78E-001 7. 1012736E+002 Q. QR0GAGGEEHG . GRO0GRGE+A0A
[EMELEleleleTeTe] Tl e 0. BOOE0GGE+B0E 0. BAGEAGOE+RA0 0. OAEOEAGE+00G 8. BEE1349E+002 2.8112161E-005%
[EMeleleeleTeTe] Tl el [EMeTele e eTelel = Tele) 0. BOGEAG0E+R00 [EMeleleleleTeTe] e Telel 2.8112161E-0Q05 8. 8BB1349E+002
The Effective Compliance Matrix
8. 4792465E- D06 -2, 431920TE- 006 -2, 4315212E- Q06 E.4218224E-013 Q. QA0GGGGE+EHG . GRO0ARGE+000
-2.4319207E-006 3.4918801E-004 -1.51663T2E-004 1. 0B47952E-007 0. BOGEAGGE+R00 [EMELEleTeleTeTel =T e}
-2.4319212E-006 -1.5166372E-004 3.4918812E-004 -1.0861085E-0087 0. BOOEAGGE+000 [EMeleleTeleTeTe] =Tl el
E.4218224E-013 1. G34T952E-007 -1. 336 1G85E - 3G7 1. 4331581E-003 Q. GROGHGGEEHG . QRO0GRGE+A0A
0. 0AR0EAGE+D00 0. BEGE0AGE+A0E Q. BOGEAGGE+000 [EMELEleteleTeTe] Tl e) 1. 1250954E- Q03 -3.5085491E-011
0. OAOGEAGE+000 0. BEEE0AGE+R0E 0. BOGEAGGE+000 [EMELEleeleTe el T} -3.5LBG491E-011 1. 12505954E- 003

The Engineering Constants (Approximated as Orthotropic)

El = 1. 179350606E+0065
E2 = 2. 863TR6EE+003
El = 2. 863TRLOE+003
612 = 8. 088134 9E+002
613 = 8. 8881345+ 002
623 = T. 1812734 E+002
nuli= 2. BGEGESEE- 001
nuli= 2. 86B0BG4E-00]
nu2i= 4. 3433255E-0a1

Effective Density = 0. DOBAGOOE+HEE

Effective Viscoelastic Properties at Time: t = 1. BOGAREOEHA01

The Effective Stiffness Matrix

1. 187 1256E+005
1. 4042632E+003
1434263064003

1. 4042632E+003
3. 4089802E+003
1. 48T6268E+003

1. 404 2630E+003
1. 4B7626EE+00G3
3. 40B5T92E+003

3. Mesoscale (fabric) properties

. 4505285E - 005
L 4BRASCSE-0AL
4501092€ 601

O, GOGGAGGE+000
O, GOGGGGGE+000

. BARRARGE+HER
. BORGEHGE+HEN

This file (micro.sc.k) is automatically saved in your current session folder. You may transfer it to
your local computer.

¢ Go to “File->Export->SwiftComp File” to generate the .sc file for mesoscale analysis.
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This wizard will create SwiftComp input file for vou.

Assign voxel seed in each direction:

¥ Voxel Count:

¥ Voxel Count: Il5
|15

Z “oxel Count:

Type of analysis: [ ] Elastic [ ] Thermoelastic \iscoelastic

[] Thermoviscoelastic

Type of models [ ] solid Model Plate/shell Model [ ] Beam Model
Type of plate theory Kirchhoff-Love plate: [ ] Reissner-Mindlin plate
Type of beam theory [ ] Euler-Bernmoulli bearm  [] Timoshenko bearm
Aperiodic boundary conditions [ y1 O y2 O y3
Import viscoelastic or thermoviscoelastic properties e alact filo ‘
= Back Finish %gancel ‘
¢ Define the voxel mesh

Select “Viscoelastic” as Type of analysis

Select “Plate/Shell model” and “Kirchhoff-Love plate”

Click “Select file” and select “prop_meso.txt”
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& Select the properties file B

[ liuls12 | data | sessions 30405

_.:?|4

Places MName

7, search . prop meso.txt 9.3 KB 10:51
&) Recently Used | | prop_micro.txt 263 bytes 10:47
[ liuis12

[ Desktop

File System

e wm Viscoelastic properties file (*.txt) |

& cancel

The file named “prop_meso.txt” is automatically generated during microscale analysis, and will
be used as part of mesoscale analysis input file.

- Qpen

e Save the .sc (SwiftComp input file) file with a filename you designate.

¢ Click “Mesoscale” in “Homogenization” tab, which will call SwiftComp to calculate
fabric properties.

You'll get the effective ABD matrices of this single-ply plain weave laminate!
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testsc.sc §€ |prop_micro.txt 3 |micro.sc.k 38 meso.sck 3§

1 R R T P P TR #
2 Effective Wiscoelastic Properties at Time: t = 1. A00AG0AE+000
3
4 The Effective Stiffness Matrix
S R R R
[ 4. G282E99E+003 2. 193284 TE+003 -1. 125362 1E- 602 -3.112202TE-004 -3.3331075E- 004 -8.5B55E55E - 304
T 2. 193284 TE+003 4. 52B2753E+003 4. 1933538E-0803 | -6. 15590861E-004 -4 2543817E- 005 6. T382921E- 004
8 -1. 125362 1E-G02 4. 1933538E - 003 1. 3301654E+002 2.434084E-002 -2.042308TE-002 2. 9094592E - 0E6
9 -3, 1122027E-0G04 -6. 1559061E- 0G4 2.0434084E-aa2 G.@791126E+G00 1. 7587139E-G01 -9 89566240E- 306
1@ -3.3331079E-004 -4 2543817E-0G05 -2, 0423087E-002 1. T587139E-001 5. 08791123E+000 6. 1722645E-006
11 -8. GBLLELIE- Q04 6. T7382921E-004 2. 9094592E- 006 -9 9566240E- 006 6. 1722645E- 006 3. 7526238E-001
12
12 The Effective Compliance Matrixz
o P e R S e e
15 2. BES1990E- 004 -1. 3974554E - 004 2. BE19208E- 008 8.5043463E-012 1. 7877720E- 008 9. 1163103E- 007
16 -1. 3974554E-G04 2.8852083E-004 -2.0924779E- 008 2. GTST3TOE-0G0G8 -7.7635522E- 009 -8. 377954 7E-G0G7
17 2.8819208E-008 -2.0924779E -G08 7.5182107E- 063 -3.1331314E-005 3. 1315582E- 005 -5.89532550E -G08
18 8.5043469E-012 2. GT7573T0E-008 -3.1331314E- 005 1.9712126E-001 -6.8257263E-003 L. 3425702E-006
19 1. 7877720E-008 -7.T63GL22E-009 3. 1315582E- 005 -6.8257263E-003 1.9712127E-aa1 -3.4235149E - B06
20 9. 1103103E-0a7 -8. 377954 TE-007 -5. 95 325506E - 608 G B425TOZE-006 -3.4235145E- 006 2. 664802 1E+000
21
22 In-Flane Properties
e L T T
24 El.c:= 1. 7329827TE+004
25 E2 = 1. 732977 1E+004
26 612 = 6. 6LOG186E+002
27 nulz= 4. B435321E-001
28 etal2l= 3.8332535E - 006
29 etalii= -2.7832126E- Q06
L]
3l Flexzural Properties
e L L e e TR e T R T T
33 El = 7. 609529 1E+003
34 E2 = 7. BO95288E+003
35 612 = 5. G289358E+002
36 nulz= 3. 462T042E- 002
a7 etal2l= 2. 0048656E- 006
38 etal2l= -1.2847164E - G0G
39
41 Effective Density = [ e e TeTeTeTel =¥}
42 Fionis T e e ST T e #
43 Effective Wiscoelastic Properties at Time: t = 1. B00AGGHE+GH1
44
45 The Effective Stiffness Matrix
RN . e s s
47 4. 4908T49E+003 2, 2046846E+003 -1. 1323765E- 002 -3.2173326E-004 -3.3091277E- 004 -9, 1295926E- 004
48 2. 2046E46E+003 4. 4908593E+003 4. 2112245E- 003 -G. 2528433E-004 -3. BAOTEL3E- 0G5 T.27T6188E- 0G4
45 -1. 1323765E- 002 4. 2112245E - 063 1. 27704 99E+002 1. 9898352E-0062 -1. 9887 145E- 0062 2. 83860 18E - 0E6
1] -3.2173326E-004 -6. 252E433E- 004 1. 9898352E- 002 C.A116086E+000 1. GETSAE3E-001 -1.0166162E- 305
51 -3.3091277E-0G04 3. B407653E - 005 -1.9887145E-002 1. GET5683E-G01 L. 8110085E+000 6. 3835780E- 006

Again, you may transfer this file (“the_filename_you_saved.sc.k”) to your local computer for

further analysis.

For details about the MSG viscoelastic theory, please refer to the reference paper.
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