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Best Practices

Executive Summary

This Best Practices document demonstrates the use of advanced Abaqus features
authored by a Mechanical Analyst using the External Solve feature of the Physics
Simulation app. The Physics Simulation is exported as an Abaqus Input file and is
updated interactively with additional Abaqus keywords using a simulation process
authored in the simulation templates in the Process Composer app. The updated
Abaqus Input file is executed using the Compute Orchestration Service. The results
are imported back into the 3DEXPERIENCE Physics Results app for post-
processing.

Refer to QA00000103244 for samples of final Abaqus Input file, Physics Simulation
object, simulation process, and material property file.

Note: This Best Practice document is updated and valid for 3SDEXPERIENCE
R2022x GA level. From 3DEXPERIENCE R2022x FDO1 level onwards, users can
refer to the Keyword Editor feature.

Prerequisites and recommendations: The user referring to this document must be
an expert in using the SIMULIA Mechanical Scenario Creation app and who has a
knowledge of Abaqus Input files and the keywords used in it. The user should also
know how to use the SIMULIA Process Composer app.

Target audience: Design Engineers, Mechanical Analysts, CFD Analysts, Methods
Developers, and so on.
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Best Practices

1. Introduction

This Best Practices document helps the user to leverage the advanced Abaqus features that
are not available in the 3DEXPERIENCE Simulation applications. The Physics Simulation is
exported to the Input file. The exported Input file is edited to include the required Abaqus
keywords. The edited Input file is solved and the results are uploaded to the Physics
Simulation Results section for visualizing the result.

The above methodology is automated using the SIMULIA Process Composer and made
available within the Mechanical Scenario Creation app under the External Solve feature. The
external solves are performed by associating the Physics Simulation with a simulation process
and simulation template. The execution of the Input file is carried out using the Compute
Orchestration Services on a station using the required solver. At the end, the results are
uploaded back to the Physics Simulation Results section for post-processing.

2. Example of Physics Simulation

A Physics Simulation of a steel projectile impinging a steel plate is taken as an example here.
This example uses an existing Physics Simulation where the Model section specifies the
CATIA product representation of the steel plate and penetrator. The Scenario section specifies
the impact velocity and the simulation step as shown below.
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Figure 1. Simulation of a steel projectile impinging a steel plate

After the model and the scenario is ready, the simulation is submitted using the External
Solve feature to:

Export the Input file

Perform keyword edits
Execute the edited Input file
Store simulation results
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The External Solve calls a simulation template for instantiation that has a simulation process
underneath.

3. Simulation Process

A simulation process with supporting simulation activities and steps is constructed to
demonstrate the example in this document. New instances of the simulation process are
created using the simulation template. Specific inputs and execution behavior is specified in
the simulation template based on the execution options. The following sections describe the
construction of the simulation process and simulation template configuration process.

3.1. Process Level Object Parameter

The simulation process contains an object parameter created at the Process level and is
mapped to the activity that is responsible for generation of the Abaqus Input file. This object
parameter is referenced to the Physics Simulation object and configured to use the “Export
simulation to input file” batch program under the 3DX Utility adapter to write out the Abaqus
Input file.

Parameters ' X

:% EXAMPLE-PhysicsAppsWithAbaqus-Process

55& E Filters >

‘ MName g ” Mode H Type H Walue H Expreszsion H Description ” ‘
PLMObj 1 Object EXAMPLE-MP.._erode A1

< Add Mew Parameter »

Close

Figure 2. Process Level object parameter

3.2. Simulation Activities

The following Simulation Activities are created to achieve the scenarios described above and
shown in Figure 3:

e Manage Execution Paths
e Generate Abaqus Input File
o Execute Input File and Import Results

B— a— a— s E—— e ——,

Manage Execution Paths Generate Abaqus Input File Execute Input File and Impart Results

Figure 3. Simulation process overview

>
DS sIMmuULIA D7S pAssAULT

SYUSTEMES

Confidential information. Copyright Dassault Systémes [2021 - 2022].
This document is provided for information purpose only and may be used by authorized users only for their own internal use. Any other use
without prior written authorization from Dassault Systémes is strictly prohibited, except as may be permitted by law.

Document_2020

© Dassault Systémes | Confidential Information | ref.: 3DS



Best Practices

Within each activity, steps are added to accomplish the objective. The supporting content
and parameters are defined as required to complete the Activity configuration.

3.2.1. Manage Execution Paths
The Manage Execution Paths activity helps the user to set the text editor executable path,
the Abaqus launcher path, and the Input file name as shown below.

Manage Execution Paths

Figure 4. Manage Execution Paths activity

The Manage Execution Paths activity consists of the following three steps that capture the
user provided local machine paths as parameter values.

. B

The Download Execution Paths step downloads the text file, Paths.txt to the execution
directory containing the default executable paths of the text editor and Abaqus
launcher, and the Input file name.

Download Execution Paths Step.

2. B E it Execution Path Step.

This interactive Edit Execution Path step allows the user to manage the local installer
text editor executable path, the Abaqus launcher path, and the Input file name. The
Paths.txt file that was downloaded in the previous step will pop up automatically with
the default notepad editor as shown in Figure 5. The user can set or change the default
paths mentioned in this file with the local installation paths.

mj Paths.tet - Notepad - O X

File Edit Format  Wiew Help
h’he Paths mentioned belaw are standard paths. Please consider to adjust them as per the local installations.
Please do not remowve the quotes of the pathsin order to consider the complete path.

editorlame = "C:%\Program Files (x86)%\Notepad++ynotepad++.exe”
pathTofBQLauncher = "C:%\Program FilesyDassault Systemes\B424\win_b&dycodeibinySMALauncher .exe™
inputFileName = Test

Figure 5. Paths.txt containing the path parameter values
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3. Set Execution Path Step.

The Set Execution Path step reads the execution paths set by the user as a parameter
value of the parameters in the interactive step.

3.2.2. Parameter Mapping Using Dataflow 1
The parameter values set in the Manage Execution Paths activity are mapped to the Generate
Abaqus Input File activity as shown below.

Dataflow X
| Manage Execution Paths
L oito1 1 to Many
Mode Type
I Manage Execution Paths Direction Generate Abaqus Input File

editorMame m=p editorName

pathToABQLauncher * pathToABQLauncher

inputFileName * inputFileName (‘
Ok Apply Cancel

Figure 6. Parameter mapping using Dataflow 1

These parameter values are used in the Generate Abaqus Input File activity for naming the
Abaqus Input file, to edit the Input file in the user selected text editor, and for the Abaqus
launcher path.

3.2.3. Generate Abaqus Input File Activity
The Generate Abaqus Input File activity as shown in Figure 7 generates an Abaqus Input
file. This interactive step allows the user to edit the Abaqus Input file and upload the updated
Input file to the object parameter for execution.

Generate Abagus Input File

Figure 7. Generate Abaqus Input File activity
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The Generate Abaqus Input File activity consists of three steps,

e Generate a Abaqus Input File
¢ Allow the user to edit the Input files and add the keywords
e Upload the updated Abaqus Input file to the object parameter.

The Generate Abaqus Input File activity steps are explained below:

97
1. éWrite Input File Step.

This step generates an Abaqus Input file from the Physics Simulation that has been
authored by the user. It uses the PLMObj parameter that refers to the Physics
Simulation object and is configured to use the “Export simulation to Input file” batch
program to write out the Input file using the name specified by the inputFileName
parameter.

2. Interactive Input File Modification Step.

This interactive step allows the user to edit the Abaqus Input file generated in the Write
Input File step. It is configured to use the Command mode. The command line uses
the parameters editorName and inputFileName to support editing of the Input file. For
the example used in this document, make the following changes to the Abaqus Input
file:

a. Search for the text, ""PHYSICAL CONSTANTS, ABSOLUTE ZERO=0." and add
the following keywords just above the "*"PHYSICAL CONSTANTS, ABSOLUTE
ZERO=0." line, (Note that the following text must be added as shown in Figure 8)

** KEYWORD EDIT NUMBER 1

*sectioncontrols, name=EC-1, hourglass=ENHANCED,
kinematicsplit=ORTHOGONAL,distortion control,length ratio=0.1

1,1, 1.

*RIGID BODY, REF NODE=27541, ISOTHERMAL=NO, POSITION=INPUT, ELSET="Rigid Body1-2-1"
** KEYWORD EDIT NUMBER 1

*sectioncontrols, name=EC-1, hourglass=ENHANCED, kinematicsplit=ORTHOGONAL distortion control length ratio=0.1

1.1

E:_;

*PHYSICAL CONSTANTS, ABSOLUTE ZERO=0.

*MATERIAL, NAME="EXAMPLE--DUZSTEEL _820"

Figure 8. KEYWORD EDIT NUMBER 1 in the Abaqus Input file
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b. Search for the text, ""MATERIAL, NAME="EXAMPLE--DUZSTEEL_820" ", and
add complete content from the erode material.inp under this line as follows:

PHYSICAL CONSTAMTS, ABSOLUTE ZERO=0.

MATERIAL, NAME="EXAMPLE--DUZSTEEL_g20"
= KEYWORD EDIT NUMBER 2

*DEnsity

7800

*Elastic

20E+11, 0.3

Figure 9. KEYWORD EDIT NUMBER 2

c. Search for the text, "Initial Velocity1", 3, 575.109976383422" and add the
following keywords under this line.

** KEYWORD EDIT NUMBER 3

*SURFACE, TYPE=ELEMENT, NAME=SURF1
"Solid Section1-1",interior
*surface,type=element,name=surf2

"Solid Section2-1",interior

d. Search for the text, "*STEP, NAME="Explicit Dynamic Step1", NLGEOM=YES"
card. Three lines after this text, add the following keywords as shown in Figure
10.

** KEYWORD EDIT NUMBER 4

*BULK VISCOSITY
0.06, 1.2
2 Zc passauLt
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*STEF, MAME="Explicit Cynamic Step1", NLGEOM=YES
DYMNAMIC, EXPLICIT, SCALE FACTOR=1.
, Ge-08
= KEYWORD EDIT NUMBER 4
BULK WISCOSITY
0.0&, 1.2
*CONTACT, OP=NEYY

TCONTACT INCLUSIONS, ALL EXTERIOR

Figure 10. KEYWORD EDIT NUMBER 4

e. Search for the text, ""CONTACT INCLUSIONS, ALL EXTERIOR" and add the
following keyword below this text. Refer to Figure 11.

** KEYWORD EDIT NUMBER 5

*contact controls assignment, nodal erosion=no

TCONTACT, OP=MNEWW
TCOMTACT INCLUSIONS, ALL EXTERIOR
= KEYWORD EDIT NUMBER 2

*contact controls assignment, nodal erosion=no

Figure 11. KEYWORD EDIT NUMBER 5

3. 3ﬁ?Store Input File Step.

This step uploads the modified Abaqus Input file to the object parameter inputFileObj
with the help of a document.

3.2.4. Parameter Mapping Using Dataflow 2
The parameter values set in the Generate Abaqus Input File activity are mapped to the
Execute Input File and Import Results activity as shown below.
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Dataflow X

Generate Abaqus Input File

L oito1 1to Many
Mode Type
I Generate Abaqus Input File Direction Execute Input File and Import Results
PLMODb] -
editorName +
pathToABQLauncher # pathToABQLauncher (‘
inputFileName # inputFileName
inputFileObj # inputFileObj
OK Apply Cancel

Figure 12. Parameter mapping using Dataflow 2
These parameter values are used in the Execute Input File and Import Results activity to:

o Download the Abaqus Input file,
¢ Execute the Input file, and
e Import it back in the 3BDEXPERIENCE Physics Results section for post-processing.

3.2.5. Execute Input File and Import Results Activity
The Execute Input File and Import Results activity as shown in Figure 13 downloads the
Abaqus Input file updated by the user, executes the Input file, and uploads the results back
to the 3ADEXPERIENCE platform for review.

Execute Input File and Import Results

Figure 13. Execute Input File and Import Results activity

The Execute Input File and Import Results activity consists of three steps: download the
Abaqus Input file, execute it, and upload the updated results to the 3BDEXPERIENCE
platform.
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1. % Download Input File Step.

The Download Input File step downloads the previously generated and modified
Abaqus Input file to the execution directory that will have all the edits made by the
user, interactively.

2. Execute Abaqus Step.

This step submits the Abaqus Input file for execution. The step adapter is configured
to execute the Input file using the command option.

2
7
3. % Import Abaqus Results Step.

This step stores the SIM file generated from the Abaqus job in the 3DEXPERIENCE
platform. The Import Simulation Results batch program imports the SIM file into the
existing Physics Simulation object.

Note: Ensure that the whole simulation process is configured on the localhost.

4. Simulation Template

A simulation template is used to capture the best practices and intellectual property that are
encapsulated in a well-designed simulation process or simulation activity in an organization.
Once the simulation process is complete and ready for use, the simulation template can be
created from the simulation process. After moving the simulation template from ‘Development’
state to ‘Released’ state, the best practices captured by the simulation template can be used
by users who may not have engineering knowledge to build a simulation process. This
simulation template is now available in the Physics Simulation app under the External Solve
feature.

4.1. Create Simulation Template
The Process Experience Studio widget helps the user to create a simulation template that
will be available in the Physics Simulation app under the Simulate External Solve feature.

1. Login to the 3DDashboard and add the ‘Process Experience Studio’ widget to the
dashboard as shown below.
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Figure 14. Process Studio widget

2. Search for the simulation process using the Search for Simulation Template,
Process, Activity option.

3. Select the simulation process to create a simulation template and click OK. The
Create Simulation Template dialog box opens as shown below.

Create Simulation Template X

Title

Simulation Template for Physics Apps with Abaqus

Description

Tempiate Content
Example-PhysicsdgpsyithAbagus-Praocess Q

Template Type

One-click v

Attribute Group

cancel

Figure 15. Create Simulation Template options
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4. Specify the Title for the simulation template, select the Template Type One-click, and
click Create. A simulation template of type ‘One-Click’ is created.

5. Remove all the editor paths from the template and save the changes of the simulation
template. Note that the user can find these paths at 5 occasions in this simulation
template.

4.2. Maturity of the Simulation Template
After creating the simulation template and it is ready for use, the user can change the maturity
of the simulation template from ‘Development’ state to ‘Released’ state in the Process
Experience Studio app. Changing the maturity to ‘Released’ state will make the simulation
template available in the External Solve feature of the Physics Simulation app.

4.2.1. Change the Maturity of Simulation Template from ‘Development’ State
to ‘Released’ State
Perform the following steps to change the maturity of the simulation template from
‘Development’ state to ‘Released’ state.

o |
1. In the newly created simulation template, click on the ™ icon to select the Change
maturity of Simulation Template option.

ABC_EXAMPLE-PhysicsAppsWithAbaqus-Process-82
Basic Information

Title Maturity - Simulation Template for Physics Apps with Abaqus-141660284196129 -

Description

> Obsolete

Policy B setto Complete
Parameters
PLMOb) ulation_plate_erode
Route Options
Execution Options
Job Title
Job Description
LogLevel
Use Fixed Seed

& & G G

Model Seed Value

|- Manage Execution Paths

Basic Information

Figure 16. Simulation Template in Lifecycle Widget

2. Change the maturity of the simulation template from ‘Development’ state to
‘Complete’ state using the Set to Complete option.

3. Similarly, change the maturity of the simulation template from ‘Complete’ state to
‘Released’ state as shown below.
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Maturity - Simulation Template for Physics Apps with Abaqus-141650284196129 -

Frivate Jevelopment

Complete B Released Ohsolete

Setto Obsolete

Setto Complete

Cancel

Figure 17. Simulation Template in the ‘Released’ state

After the simulation template is moved to the ‘Released’ state, the simulation template will be
available in the Physics Simulation app under the External Solve feature.

5. Use External Solve for Execution

The External Solve feature is available under the Simulate section of the Physics Simulation
app. The external solves are performed by associating the Physics Simulation with a
simulation process and simulation template. The simulation process underneath is executed
in a batch mode performing the specified operations in the activities.

1. Import and open the Example Physics Simulation object in the Mechanical Scenario
Creation App.

2. Switch to Mechanical Scenario workbench and click the Simulate tab from the action
bar.

3. Select the External Solve feature to fetch the simulation template as shown below.

ek =
Public-Collaboration & + A @

5 exanpLe wPDL simui
255 moce
i

S e s Produc e rode DUZ AT
& EXAMPLEFinite Element Modeld0000007_8018A410-000

1«% EXAMPLE-Physical Product00000001_6016A410-0000-1€

EF? Result Of Structural Analysis Case.1
-l Field Plots (10)
EX
#-8] Display Groups (1)
= apsqusinput
G fhem Field Plots (3)
-8 Display Groups (1)

eERRE[: @ ¢

B < |

Tstandard | setup | Procedures | nit ractions _ Restraints  Loads | Simulate | Display | View AR-VR | Tools | Touch

- ©-BeE te ez

Figure 18. External Solve feature
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4. Using the 3DSearch option, select the simulation template in the ‘Released’ state as
shown below.

External solve

Process: [ proceseq +

Template: | gimulation Template for Physics Apps with Abaqus Q

v User Credentials
Extended Credentials
O Windows
A Domain:
User name:

Password:

Launch || Cancel

Figure 19. Select the simulation template using External Solve

5. Select the Launch option to start the execution of the simulation process in batch
mode.

6. Once the execution starts, a text file with the name ‘Paths.txt’ opens in the default
Notepad editor.

7. Check the default execution paths and the Abaqus Input file name as explained in
section 3.2.1. “Manage Execution Paths”. Adjust the values according to the local
machine configuration.

8. Save the changes and close the Notepad editor.

9. After some time, the Abaqus Input file opens in the user specified editor to include
the user specific Abaqus keywords. For more information on adding keywords to the
Abaqus Input file, refer to section 3.2.3. “Generate Abaqus Input File Activity”.

10. Save the changes and close the editor. The Abaqus Input file gets executed.

11. Track the execution status in the Job Monitor wizard as shown below.
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PhyslcsAppsww(hAbuqus-ﬂ61‘2165215123 x

@ Completed E E‘@
Wi Debug
1 ‘ Message ” Path ” RUN ID ” Time ” Source H Wark lterm H -

® Starting PhysicsAppswithAbagus PhysicsAp..withAbagus 08:13:39  ag-mxg.llab03

i Checking out 6 tok..ial", batch size C 08:13:39  Server ..ollab03

-3 Checkout License...00] was recorded 08:13:39 Server ...ollab03

7 Dispatch of "Phys..baqus" successful 08:13:39  Server ...ollab03

% Created runtim..833E3D0F4BA_1"  Manage Exe..tion Paths 1.1 08:13:39  AG-MX.LHOST 76048.0C3B63

® Starting "Mana..-YU1-LOCALHOST" Manage Exe..tion Paths 1.1 08:13:39  AG-MX..LHOST 76048..0C353

@ Starting "Mana..-¥YU1-LOCALHOST" Manage Ex..onPathFile 1.1.1 08:13:39  AG-MX..LHOST 76048..0CEE3

7 Download Data P..dapter executing Manage Ex..onPathFile 1.1.1 08:13:39  AG-MX..LHOST 76048, 0CEE3

® Download Successf.. 1 (File Size: 376] Manage Ex..onPathFile 1.1.1 08:13:39 AG-MX..LHOST 76048..0CBB3

= Download Data P..sor adapter done Manage Ex..onPathFile 1.1.1 08:13:39  AG-MX..LHOST 76048, 0CEE3

¥ Job Summary

Job Name | PhysicsAppswithAbaqus-2021.Feb.01 08:13:38 User Name | yu1
Job ID JB0B0BOBOBOBEB3 Random Seed | 1612185219058
Job Started | 01, 2021 08:13:39 Job Ended 01, 2021 08:19:27
Job Duration | 00:05:48 Status | Completed

Refresh the session to access the updated results from database

Figure 20. Job Monitor Wizard

12. After the execution is complete, the results are imported back into the
3DEXPERIENCE Physics Results section of the same Physics Simulation object for
post-processing.

Document_2020

6. Post-Processing Results

In the 3BDEXPERIENCE Physics Results section, the user can evaluate different aspects of
simulation. Using the simulation output data, the user can create and compare plots, reports,
and animations.

6.1. Access the Analysis Case
Open the solved simulation object that is referred during the final activity of the simulation
process. In the Execute Input File and Import Results activity, Abaqus will run the modified
Input file and store the result in the simulation object referred to that particular activity as
shown below.

Parameters * X

[ Execute Input File and Import Results

{Bdo N

Name ¥ Mode ¥ Type i Value i | Expression ¥ Descnption |
inputFileChy E Object Generated Abaqus Input File
inputFileMame : SAr ng Tect
abaqusCmdOptions = string int -resultsFormat both
pathToABCGLauncher E S‘.r'n-j “CAPr ogram Frles' Dassault

=
i

Figure 21. Solved Simulation Object
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To visualize the results, the user can open the referred object in the ‘resultsSimObj’ parameter.

The user can use the Plots wizard to access the recently solved and imported user analysis
case as shown below.

Plots
Case: | Abaqusinput -
Step: | Explicit Dynamic Step1 \d
Plot: | undeformed Model A }‘E
‘ Frame H Increment ” Time -
M 288 0,000003 =
12 316 00000033 ¢
13 344 0,0000036 =
14 371 0,0000039 ¢
15 399 0,0000042 ¢
16 427 0,0000045 =
17 455 00000048 ¢
18 483 0.0000051 =
19 512 0.0000054 =
20 541 0.0000057 =
XN ETR CUTTEEN -

Figure 22. Select the Analysis case in the Plots

6.2. Create Field Plots

To create field plots, select the Contour Plot option in the Plots tab of the action bar. Select
Von Mises Stress from the Template drop down list and click OK as shown below.

Contour Plot X

Name: | von Mises Stress.1

7] e 3

Template:|yon Mises Stress ’
+ Definition
Variable: 5, Stress components M
Values at: | pyodes .

Integration point values are extrapolated to nodes and averaged across elements
AVeraging: | jse section boundaries A
Quantity: | pises Equivalent v
Compute quantity before averaging

Show failed elements

Display group: Display Group.1 i

oK Apply Close
Figure 23. Von Mises Stress plot creation
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The Von Mises Stress plots generated on the viewport help to understand the stress
distribution as shown below.

®
=3 © Public-Collaboration~ & + A @

5]

< H Plots
& ImportedAshew-EXAMPLE-MPDL_simulation_plate_erode A1

19

wf»tg Initial Conditions (1)

&€ Interactions (2)

BB Restraints 2)

&% Output Requests 2)

4% Explicit Dynamic Step..

=

@ Result OF Structural Analysis Case.1
\lrn. Field Plots (10)

9% Display Groups (1)
=¥ Avaqusinput
-l Field Plots (3)
00
-8R Display Groups (1)

ThE- 9D @ EBHE LY X490 0 TR - B

Pstandard | Setup | Plots | Sensors | Calculations | Display | View | AR-VR | Tools | Touch

@

L)

[ Model Case: | Abaqusinput
® step: | Explict Dynamic step1 v
= Importedashew-EXAMPLE-Physical Product_plate_erode DUZ .
‘%‘mp‘" eaAstlen: i E"y;:i! roduct plate erode Bt Plot | Von Mises Stress.1 M
" [Frame |[increment | =
359 o DAMLE Pyl -0 1 a2 00000052
[ FHAMPLE Pyl o 5 383 o.ouooosas
G Materials . :
16 a1a 0000006 5
[ Scenario
47 aas 000000645
=3 Structural Analysis Case.t < >

Von Mises Stress. 1 (N_m2)

1.57e+9
1.420+9
1.260+9
111049
9.560+8
803e+8 z
650+8
497048
343048
19e+8  x

a71e+7
Deformation scale: 1

Figure 24. Von Mises Stress plots

Similarly, the user can also create other plots like displacement, Plastic Strain, and so on.
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7. References

¢ QA00000069538

e Structural Model Creation App User Guide

e Structural Scenario Creation App User Guide

e Process Composer App User Guide

¢ Understanding the 3DEXPERIENCE platform and Apps
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8. Document History

Document D Revised By Changes/Notes
. . ate
Revision
1.0 02/25/2021 Yogesh UKE Original
2.0 06/15/2022 Yogesh UKE Updated the
following
sections:

3.2.1. Manage
Execution Paths

3.2.3. Generate
Abaqus Input File
Activity

4.2. Maturity of
the Simulation
Template
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