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Note: This guide is intended for qualified users who will exercise sound engineering judgment. The
COMPRO Common Component Architecture (CCA) is inherently complex, and the examples and
procedures outlined in this guide are not intended to be exhaustive or applicable to any particular
situation. Users are cautioned to satisfy themselves as to the accuracy and suitability of the results of
their analyses.

Convergent Manufacturing Technologies, Inc. (Convergent) will not be held responsible for the accuracy
or usefulness of any analysis performed using the COMPRO software or the procedures, examples, or
explanations in this manual. Convergent shall not be responsible for the consequences of any errors or
omissions that may appear in this manual.

CONVERGENT MAKES NO REPRESENTATIONS OR WARRANTIES, EITHER EXPRESS OR
IMPLIED, WITH RESPECT TO THE GUIDE AND SPECIFICALLY DISCLAIMS ANY IMPLIED
WARRANTY OF NON-INFRINGEMENT OR MERCHANTABILITY OR FITNESS FOR A PARTICULAR
PURPOSE. CONVERGENT SHALL IN NO EVENT BE LIABLE FOR ANY LOSS OF PROFITS, BE
THEY DIRECT, CONSEQUENTIAL, INCIDENTAL, OR SPECIAL OR OTHER SIMILAR OR LIKE
DAMAGES ARISING FROM ANY DEFECT, ERROR OR FAILURE TO PERFORM WITH RESPECT TO
THE GUIDE, EVEN IF CONVERGENT HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH
DAMAGES. THE RECIPIENT HEREBY ACKNOWLEDGES THAT IT HAS BEEN ADVISED BY
CONVERGENT TO UNDERTAKE ITS OWN DUE DILIGENCE WITH RESPECT TO THE GUIDE.

IN NO EVENT SHALL CONVERGENT BE LIABLE FOR SPECIAL, INDIRECT OR CONSEQUENTIAL
DAMAGES, INCLUDING THOSE DAMAGES ARISING FROM LOST PROFITS IN THE USE OR
MISUSE OF THE GUIDE, EVEN IF CONVERGENT HAS BEEN ADVISED OF THE POSSIBILITY OF
SUCH DAMAGES.

This guide is intended to assist with the process design and is not a substitute for independent testing of
a product’s stress, safety and utility. Convergent does not warrant the accuracy of the results obtained
through use of the guide.

The COMPRO Common Component Architecture (CCA) software described in this guide is available only
under license from Convergent Manufacturing Technologies, Inc., and may be used or reproduced only in
accordance with the terms of such license.

This guide and the software described in the guide are subject to change without notice.

No part of this manual may be reproduced or distributed in any form without prior written permission of
Convergent Manufacturing Technologies, Inc.

©Convergent Manufacturing Technologies, Inc., 2014. All rights reserved.
TRADEMARKS:

The trademarks and service marks (trademarks) in this guide are the property of Convergent
Manufacturing Technologies, Inc. or third parties. You are not permitted to use these trademarks without
the prior written consent of Convergent Manufacturing Technologies, Inc.

The following are trademarks of Convergent Manufacturing Technologies, Inc..: COMPRO, COMPRO
Editor, COMPRO Common Component Architecture, COMPRO 2D, COMPRO 1D, COMPRO 0D.

Other company, product, and service names may be trademarks or service marks of their respective
owners.

Convergent Manufacturing Technologies, Inc.
403-6190 Agronomy Road
Vancouver BC V6T 173
CANADA
Tel: +1-604-822-9682
Fax: +1-604-822-9659
Email: support@convergent.ca

WWW: http://www.convergent.ca
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1 Introduction

This guide outlines the features of the COMPRO Plug-in for Abaqus, and describes the
suggested workflow for setting up and running a composites processing model in Dassault
Systemes Simulia ABAQUS and Convergent Manufacturing Technologies COMPRO. There are
three distinct analyses in composites process modeling: Thermo-Chemical analysis, Flow-
Compaction analysis and Stress-Deformation analysis. This plugin can be used to accelerate the
setup and run for all three analysis types.

Throughout this guide, some basic familiarity with ABAQUS/Standard and ABAQUS
CAE is assumed. The user is referred to the ABAQUS User’s Manuals for complete detail on
using ABAQUS CAE and / or ABAQUS keywords. It should be noted that this guide was
written with reference to ABAQUS v6.12. Other version of ABAQUS and ABAQUS CAE may
differ from the guides given here.

It should be noted that a process simulation using COMPRO can be performed without
the COMPRO plug-in. For such cases, please refer to the COMPRO modeling guidelines for
instructions to manually set up a COMPRO analysis
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2 Workflow:

The workflow for setting up a process simulation includes using built-in ABAQUS CAE
features along with automations performed by the COMPRO plug-in. The COMPRO plug-in
automates many of the commonly performed steps and guides the user in setting up the model.
The COMPRO plug-in also makes many changes to the input files when a job is submitted.
These changes allow for, for example, a single model to be set up while up to three analyses are
actually run.

A typical workflow using the COMPRO plug-in would include:

Workflow Step Primary User Interface
1. Create the part and tool geometry ABAQUS CAE
2. Add materials COMPRO plug-in
3. Create and assign sections ABAQUS CAE
4. Assign material orientations ABAQUS CAE
5. Create the assembly ABAQUS CAE
6. Define the analysis steps COMPRO plug-in
7. Assign initial and boundary conditions ABAQUS CAE
8. Mesh the geometry ABAQUS CAE
9. Run the job COMPRO plug-in

10. Post-process the results

ABAQUS CAE / COMPRO plug-in

October 9, 2014
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3 Plugin Features

3.1 Materials

The materials tab is used to add COMPRO materials to an ABAQUS model, adjust the
initial degree of cure of COMPRO materials, and delete COMPRO materials.

< COMPRO [ES I
Model: | COMPRO-model [+ &P CONVERGENT

Materials | Analysis Steps | Analysis | Jobs | Post-Processing |

Installed COMPRO materials

@ Composite (7) Resin () Tooling () Other

HEXCEL AS4/8552 Tape (open lit) N
Model COMPRO materials
AS4/8552

Invar

Initial degree of cure: | 0.05

3.1.1 Installed COMPRO materials

Installed COMPRO materials are organized based on material type (composite, resin,
tooling and other). To add a material, select the desired material type, then select the desired
material from the drop-down, and click the Add button.

3.1.2 Model COMPRO materials

This list includes all COMPRO materials in the selected ABAQUS model. After selecting
a material from the list, you can modify the initial degree of cure of that material or delete it.
COMPRO materials can also be removed from the model from CAE.
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3.2 Analysis Steps

The Analysis Steps tab is used to create the standard steps used in process simulation for
composites, as well as easily activate one of these steps in the current model.

r i
< COMPRO Lol o |
Modek COMPRO-model  [v| [ Help | @ P CONVERGENT

| Materials | Analysis Steps | Analysis ] lobs | Post-Processing |

Create standard steps

Thermig-Chemical

[ J|
| Flow-Compaction || Al
[ )

Stress-Deforrmation

Active step(s)

EN|

stress-deformation

’
&¢ Step duration I&

Please enter the step duration: | 24000

3.2.1 Create standard steps

Clicking “Thermo-Chemical”, “Flow-Compaction” or “Stress-Deformation” buttons will
add that respective analysis step to the model. For the stress deformation button, two steps are
added to the model, one for the cure cycle and one for tool removal. Individual analysis steps
may be added or the “ALL” button will add all three steps at once.

3.2.1.1 Step duration
Clicking any of the analysis type buttons will prompt the user for the step duration. This
is the cure cycle step time, usually given in seconds (depending on the units used in the model).

3.2.2 Activate step(s)

In order to setup the boundary conditions and other aspect of each step, it is necessary to
suppress the other steps and resume the one currently being modified. To streamline this process,
you can select the desired analysis type from the Active step(s) drop-down and the appropriate
step(s) will be activated, with others supressed.
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3.3 Analysis

The Analysis tab is used to select the analyses to include in the job, modify the base job
name, select the model unit system, validate the model, write input files, and submit jobs.

< COMPRO [ESEE =
Model: COMPRO-model  |v| &P CONVERGENT

Materials | Analysis Steps| Analysis | lobs | Post-Processing |

Thermo-chemical

@ Run thermo-chemical analysis

() Use predefined temperature field

() Use existing thermo-chemical results:

Flow-compaction

@ Use predefined fiber/resin volume fraction field

() Use existing flow-compaction results:

Stress-deformation

Run stress-deformation analysis

Unit system Analysis control
@ sl Base job name: Validate Model

10 Thermo-Chemical {Raven)] SubmitJobs

3.3.1 Thermo-chemical

3.3.1.1 Run thermo-chemical analysis

Select this option to include a thermo-chemical analysis with the job. This option requires
a thermo-chemical step with appropriate boundary conditions applied to be defined in the current
model. If subsequent flow-compaction and/or stress-deformation analyses are selected, the
results from this thermo-chemical analysis will be fed into those analyses.

3.3.1.2 Use predefined temperature field
This option requires a predefined temperature field to be defined in CAE for the flow-
compaction or stress-deformation analyses, depending on which are being run.

3.3.1.3 Use existing thermo-chemical results

This option will read temperature results from an existing thermo-chemical ODB which
must be compatible with the current model. The results from the selected thermo-chemical
analysis will be fed into subsequent flow-compaction and/or stress-deformation analyses.
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3.3.2 Flow-compaction

3.3.2.1 Run flow-compaction analysis

Select this option to include a flow-compaction analysis with the job. This option requires
a flow-compaction step with appropriate boundary conditions applied to be defined in the current
model.
3.3.2.2 Use predefined fiber/resin volume fraction field

This option will use the uniform fiber / resin volume fraction as defined in the material
file for the entire part for the stress-deformation analyses. If desired, the user can manually
define a fiber/resin volume fraction field by modifying the seventh value of the“*initial
conditions” keyword in the input file for specific elements or element sets.
3.3.2.3 Use existing flow-compaction results

This option will read resin volume fraction results from an existing flow-compaction
ODB which must be compatible with the current model. The results from the selected flow-
compaction analysis may be fed into subsequent stress-deformation analyses.

3.3.3 Stress-deformation

3.3.3.1 Run stress-deformation analysis

Select this option to include a stress-deformation analysis with the job. This option
requires a stress-deformation step with appropriate boundary conditions applied to be defined in
the current model.
3.3.4 Unit system

COMPRO materials are typically defined using Sl units. If your model is defined using
USCS units, you can change the selected unit system to have the COMPRO material properties
converted appropriately.

3.3.5 Analysis control

3.3.5.1 Base job name

The base job name is combined with the various analysis types to name jobs and
generated INP files.
3.3.5.2 1D Thermo-chemical (Raven)

Clicking the 1D Thermo-chemical (Raven) button will prompt you to select an element
face. After selecting a face, a stack representing the geometry, materials, layup and boundary
conditions for a 1D drill through below the selected element face will be passed to Raven.
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3.3.5.3 Validate

The Validate button will perform a series of checks on the model to warn you of any
missing information or possible issues with how the model is defined.

3.3.5.4 Write Inputs

The Write Inputs button will write all of the required files to run the selected analyses to
the current work directory, but will not submit the job. These files include:

Input files (*.inp) for all selected analysis types

COMPRO log files (*.clog) all selected analysis types

The cca-configuration.xml file

The abaqus_v6.env file if it does not already exist

If temperatures are transferred from a thermo-chemical analysis to a flow-

compaction analysis, a generateTemperatureINP.pyc file

e If fiber / resin volume fraction is transferred from a flow-compaction analysis to a
stress-deformation analysis, a generateVfINP.pyc file

e A batch-job-name.bat file and a batch-job-name.sh file

The generateTemperatureINP.pyc code is run after a thermo-chemical analysis but before
a flow-compaction analysis. It generates a file named temperature-jobname.inp which contains
keywords that ensure that the temperature history is properly transferred from the thermo-
chemical analysis to the flow-compaction analysis.

The generateVfINP.pyc code is run after a flow-compaction analysis but before a stress-
deformation analysis. It generates a file named vf-jobname.inp which contains keywords that
define the initial fiber / resin volume fractions for each element in the stress-deformation analysis.

The batch-job-name.bat and batch-jobname.sh files are batch run files formatted for
Windows and Linux operating systems respectively. These files list the sequential commands
required to submit the job based on the selections given in the COMPRO plug-in.

To submit the job files, open a command window in the work directory and run the
commands: batch-job-name.bat or bash batch-jobname.sh depending on if your operating system
is Windows or Linux respectively.

3.3.5.5 Submit Jobs

The Submit Jobs button will write INP files and cca-configuration.xml files and run each
analysis in sequence. If selected, the thermo-chemical analysis will be run first, followed by the
flow-compaction second and stress-deformation analyses third.
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3.4 Jobs

The Jobs tab lists jobs created and submitted by the Submit Jobs button on the Analysis
tab. This provides a quick way to check on the progress of submitted jobs. The ABAQUS CAE
job manager can be used to retrieve more information about the status of the jobs.

Note that in order for flow-compaction and stress-deformation analyses to be
automatically submitted after the associated thermo-chemical analysis is complete, you must
leave the COMPRO plugin visible, and must not close the associated CAE file.

< COMPRO oo
Model: | COMPRO-model B g_:_?_c ONVERGERNT

Materials | Analysis Steps | Analysis || Post-Processing |

Name Model Status
thermo-chemical-wing Model-1 Running [28%]
stress-deformation-wing Model-1 Waiting...

October 9, 2014 Page 11



& PCONVERGENT
MR COMPRO Plug-in for ABAQUS Users Guide
3.5 Post-Processing

The Post-Processing tab provides tools to automate certain commonly performed post-
processing tasks.

-
< COMPRO

Model: COMPRO-model v/ [ Help | #Z® CONVERGENT
=L ) ~—

Materials | Analysis Steps I Analysis I Jobs | Post-Processing
Source ODB file
ODB: C:/Stress-wing.odb h

Plot results

/| Plot temperature envelope V| Plot degree of cure envelope

‘L Create Plots
Export deformed point cloud
Node set: |RSO-OUT -
File name: | C:/RSOinput.txt @]
Mirror planes: XY XZ YZ '751‘:07:;721

% Post-processing frame skip

Please enter the frame skip for data extraction: 0

oK | Cancel |

3.5.1 Source ODB file

In order to use post-processing tools, an appropriate ODB must be open in ABAQUS
CAE. The desired ODB can then be selected in the ODB dropdown.

3.5.2 Plot results

Temperature and degree of cure envelopes are useful plots for process simulation of
composites. Both plots can be generated using built in tools within the ABAQUS visualization
module, however it can be time consuming and non-intuitive to do so. The plot results tools
make it easier to extract these results.

With an ODB open and selected, clicking Create Plots will extract the selected envelope
types and create appropriate plots. The tool will query the temperature and/or degree of cure for
the entire model at every time increment. Plots are then created with the maximum and minimum
temperature and/or degree of cure curves.
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3.5.2.1 Post-processing frame skip

Extracting the necessary data from the ODB to create plots can be a time consuming
operation especially for large models or with long step times. Clicking Create Plots will prompt
the user to enter the frame skip for data extraction. Increasing the value entered here will
decrease the amount of data extracted from the ODB and speed up plot generation. A value of 0
will skip no frames and extract all the data.

3.5.3 Export deformed point cloud

A deformed point cloud can be useful when adjusting tool geometry based on analysis
results. With a stress-deformation ODB open and selected, select a node set of interest (usually
all the nodes on the bottom of the part), specify an output file name, and click Export to extract
the data. Note that depending on the size of the model this operation may take some time.

The TXT file that is created is formatted to be compatible with the “digitized morphing”
feature in Dassault Systems CATIA. This feature is part of the realistic shape optimizer (RSO).
For each node in the node set, a line is written to the text file that contains six numbers. The first
three numbers are the base coordinate of the node in the global XYZ space. The last three
numbers are the relative deformation the node also in the global XYZ space.

The mirror planes checkboxes can be used to make copies of the deformed points
mirrored about the primary coordinate axes. Each checkbox checked will create another set of
copies, thereby doubling the number of points in the exported file. This can be useful if the
Abaqus model represents a symmetric subset of the full model.

,
/| RSOinput.txt - Notepad M

File Edit Format View Help

.05839753151 -0.271118491888 1.43124890327 0.0018264548853 -0.000590982090216 0.00674586370587 -
.08626484871 -0.223805531859 1.43122184277 0.00180856743827 -0.00060518149985 0.00671786302701
.11197304726 -0.222232624888 1.41734147072 0.00162758980878 -0.000510709302034 0.00642285170034
.08268547058 -0.270767450333 1.41767811775 0.00164667516947 -0.000494788517244 0.00645428942516
.11721611023 -0.169215902686 1.43107092381 0.00179567735177 -0.000627840636298 0.00672033987939
.14420485497 -0.166990891099 1.41674613953 0.00161039980594 -0.000532214122359 0.00641786772758
.15094137192 -0.107195407152 1.43073832989 0.00178715679795 -0.000660618010443 0.00676241889596
.17899370193 -0.104909174144 1.41593146324 0.00159650447313 -0.000560367305297 0.00645085051656
.18728160858 -0.0376810021698 1.43012714386 0.00176839157939 -0.000687413732521 0.00681166956201
.21622204781 -0.0360522307456 1.41477072239 0.0015727810096 -0.000584242807236 0.00648859143257
.22657966614 0.0391333550215 1.42927408218 0.00175647449214 -0.000722423137631 0.00689507974312
.25625109673 0.0392480380833 1.41328215599 0.00155400705989 -0.000615698751062 0.00655414350331
26938533783 0.122963242233 1.42831432819 0.00174837803934 -0.000766054028645 0.00699891336262
29935836792 0.120699353516 1.41173005104 0.0015374883078 -0.000652904971503 0.00663653109223
31576037407 0.213777989149 1.42727792263 0.00173983874265 -0.000814179482404 0.00711495010182
34559965134 0.208095923066 1.41008973122 0.00151971052401 -0.000693606212735 0.00672757346183

. 36570429802 0.311577618122 1.42616510391 0.00172855134588 -0.000864777714014 0.0072343274951
.39491701126 0.301271945238 1.4083353281 0.00149742967915 -0.000736382207833 0.00681762164459
.14224648476 -0.22036370635 1.40410768986 0.00146353733726 -0.000425231381087 0.00609565200284
.11171579361 -0.270333200693 1.4045034647 0.00148142618127 -0.000406574486988 0.00612614536658
.17547512054 -0.164392694831 1.40336680412 0.00144558004104 -0.000447548285592 0.00608769711107
.21102666855 -0.102316722274 1.4023193121 0.00142849609256 -0.000473458669148 0.00611448474228
.2487821579 -0.0342775993049 1.40088284016 0.00140437553637 -0.000496764783747 0.00614481465891
.28901863098 0.0393475703895 1.39915001392 0.00138319097459 -0.000527501339093 0.00619871169329
.33191037178 0.118212588131 1.39732098579 0.00136173015926 -0.000560406537261 0.00626430194825
2.37746882439 0.202024444938 1.39541661739 0.0013398284791 -0.000596296275035 0.00633674813434
e [2.42559552193 0.290515482426 1.39341473579 0.00131297844928 -0.000634126714431 0.00640497822315 =
“ A m ’,

\ Y Y

I 1
Base coordinate Deformation

Node list
NNNNNNNNNNNNNNNNNNNNNNNNNNT
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