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dante Carburization Model
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Preliminary Notes: The following tutorial will detail the complete set of steps required to set up model geometry,
pre-process the model, along with running and post-processing of the model in the Abaqus CAE using the Dante
Model Builder Plug-In. As with any model, be sure to save often. For further details on pre-processing and post-
processing, please review the tutorial: Dante5_0_Tutorial_2D_Axisymmetric_Ring_Slice_CAE, which builds this
model using the CAE instead of the Plug-In interface.
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dante’ Step 1: Start Abaqus CAE

&5 Abagus Command — O >
C:\temp>cd C:\Users\stefa\Desktop\Dante5 @ Tutorials\Dante5@ Axisymmetric_2D Ring Tutorial 9

1. Open Abaqus Command and set the working directory
by using the command “cd DirectoryPath”

2. Start Abaqus CAE with the command “abgxxxx cae” into

the command window
* Xxxx represents the version of Abaqus to be opened

3. Click With Standard/Explicit Model to start a new model

A
w

Create Model Database

403 With Standard/Explicit Model @
-

== With Electromagnetic Model
<=

s :3 Abaqus Command -

C:\temp>cd C:\Users\stefa\Desktop\Dante5 @ Tutorials\Dante5@ Axisymmetric_2D Ring_ Tutorial

C:\Users\stefa\Desktop\Dante5 @ Tutorials\Dante50 Axisymmetric_2D Ring Tutorial>abq2018 cae 9

. W Stert Tut(c:r;al H ba q u S/c n E
2018

Recent Files

The Abaqus Software is a product of Dassault Systémes Simulia Corp..,

CC) Aste i scan it et e Johnston, RI, USA, .

= e Abaqus, the 3DS logo, SIMULIA, and CATIA are trademarks or registered
trademarks of Dassault Systémes or its subsidiaries in the US and/or other {
countries.

® Dassault Systémes, 2017

y) For additional information concerning trademarks, copyrights, and licenses,
S sSiImuLIA sP?e thle Legal Notices in the documentation and the Program Directory for
this release.
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@ule: [; Part

o

% Create
~ Part
1217

- ®

1)
View ]ﬁ Shape Feat,
[ Manager., 3

Copy
Rename

Delete

»
»
»

& Create Part x

Name:
Modeling Space
® 30 O 2D Planar () Axisymmetric

Type Options
(@ Deformable

(O Discrete rigid

(O Analytical rigid

() Eulerian

MNone available

Base Feature
Shape
@® Solid
O Shell
O Wire
O Point

Under Module select Part to create a geometry

Click the Create Part icon or Part = Create in
the dropdown menu at the top

Rename the part simple_2d_ring_c and select
Axisymmetric, Deformable, Shell, and set the
approximate size to 200 then click continue

The model can also be renamed to reflect
model type

Approximate size: ‘.?DD

| Continue... | |

=48 Models (1) & Rename Model X
=] :
. Switch Context Ctrl+Space Rename Model-1 to:
Pz Copy Model... ! simple_2d_ring_¢ ‘
& Edit Attributes...
% Edit Keywords. [ oKk | | Cancel
GEETE T
45  Delete.. Del
@ofa et AsRoot J s
% Expand All Under s DI
?E Collapse All Under g—




dante’ Step 2b: Creating a Part

4| 1. The ring has an inner diameter of 80 mm, outer
‘ ]' :"ﬁ'..';'.l:'.'."..?@ diameter of 120 mm, and a height of 60 mm

2. An axisymmetric rectangular cross section will
be used to model the ring

!
Al N

; ‘> ' 3. Select the Created Lines: Connected tool and
s type in (40,0), (60,0), (60,60), and (40,60)

e 4. Connect the last side by using your mouse and
o0 selecting the point (40,0)
R &

o lg 5. Select the red X to exit the tool and press Done

!

X ;i-:k a starting point for the line--or enter X,Y: |
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Module: E Assembly

5 :::

oL

'_ Create
r*y Instance

Ik

e ©

& Create Instance X

Create instances from:

Parts

W ing |

Instance Type
(® Dependent (mesh on part)
O Independent (mesh on instance)

Note: To change a Dependent instance's
mesh, you must edit its part’s mesh.

[[] Auto-offset from other instances

oK  Apply | Cancel

Under Module, select Assembly to
create the instance

Click the Create Instance icon or select
Instance - Create

Select the part to be instanced and
check Dependent (mesh on part)

Click OK and the part should turn blue
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Module: E Mesh
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Module: | Mesh
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Intersect by other faces
Project edges
Auto-partition

1T

v Model: | Model-1 ~ Object: ) Assembly @jﬂﬁ: simple_2d_ring
Toan d & Create Partition P4 1._; =
Property Typ: £ \ | |
;s::mbly (0 Edge @) Face O Cell q"} \
Interaction Method L i '(.m“ ’
Load . <
1
Optimization Use shortest path between 2 points = e
Job Use datum plane ‘: ‘:
Visualization Use curved path normal to 2 edges iy
S Extend another face -

z Offset distance: | 2.0]

|1‘I®

X Is the offset shown on the comect side? [OK] Fiip

# X Select the entities to offset individually ~ [Done] [] Fillet comers

Under Module, select Mesh to mesh part
Check Part instead of Assembly

Select Tools = Partition from the
dropdown menu

Check Face under Type and select Sketch
under Method

Select Offset Curves, select all sides, then
click Done

Set the Offset Distance to 2

* Click Flip if partition lines are on the
outside of the part

* Click OK then Done when the offset
lines are complete
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1. Select Create Lines: Connected to extend
the partition lines in each corner to
create squares and click the red X when
complete

* When creating a line, the “x”, “H”,
“V” means the line is perfectly
horizontal or vertical as seen in the
images to the left

2. Click Done when the partition is

complete

* The final partition should look like
the adjacent image



Sizing Controls

Approximate global size: 1.0 i : ’

Curvature control

Maximumn deviation factor (0.0 < h/L < 1.0):

(Approximate number of elements per circle: 8)

Minimum size control

@ By fraction of global size (0.0 < min < 1.0)
O By absolute value (0.0 < min < global size)

[ ok [Capply | | Defouts | | Cancel

4 Global Seeds X

Y
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1l
! % Local Seeds X

1. Inthe dropdown menu, select Seed - Part then set the Approximate global size to
1.0 and click ok

2. Inthe dropdown menu, now select Seed - Edges then select each edge of the four
squares created during partitioning using Shift + Click and click OK when complete

3. In Method, set the option to By Number and select 8 for Number of elements then
click OK

4. The final seeding can be seen in the image to the bottom right

Basic  Constraints

Method Bias

O By size ® None (O Single O Double
(® By number

Sizing Controls

Number of elements: 3%

Set Creation

[ Create set with name: | Edge Seeds-1 |

Ok | | Apply | Defaus | Cancel

b




dante’

Step 4d: Meshing the Part

{? Mesh Controls

Element Shape

®Quad O Quad-dominated O Tri

Technique Algorithm Options
Minimize the mesh transition Q-

O Free l—l

(® Structured D

O Sweep [_J

Redefine Region Corners...

0K Defaults Cancel

1} Element Type

Element Library Family

(@) Standard () Explicit Gasket

Heat Transfer

Geometric Order Piezoelectric
Pore Fluid/Stress

Quad T @

@ Linear (O Quadratic

[] Convection/Diffusion [] Dispersion control

Element Controls

There are no applicable element controls for these settings.

DCAX4: A 4-node linear axisymmetric heat transfer quadrilateral.

Note: To select an element shape for meshing,
select "Mesh->Controls" from the main menu bar.

0K Defaults Cancel
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In the pulldown menu, select Mesh = Controls
Box select the entire geometry then click Done

Select Quad under Element Shape then select
Structured under Technique and click OK when
complete

In the dropdown menu, select Mesh =
Element Type

Box select the entire geometry then click Done

Under Family, select Heat Transfer, keep the
default settings and click OK when complete

In the dropdown menu, select Mesh = Part
and click Yes to mesh the part

* There should be a total of 2304 elements

10



dante Step 5: Model Continuation

At this point, the following steps have been completed:
 Geometry has been defined
* Instance has been created
e Partitioning completed
 Geometry has been meshed
* To complete this model, the Dante Model Builder Plug-In may be used
» Before doing so, surfaces and sets should be defined for initial/boundary conditions and interactions
* However they can be defined at any time when using the Plug-In interface

* Typically, it is best to layout process steps and boundary conditions prior to model setup to better understand how to
configure the process in the simulation

e This carburization model will include a single step to model the diffusion of carbon into the ring while in a furnace:
* Carburization, 10620 seconds total time

e Material: 5120 carburized to near 0.8% Carbon content by weight at the surface

Copyright © 2019 DANTE Solutions. All rights reserved.



danter  Step 6: Creating Preliminary Sets, Part Element Set

* With the mesh defined, sets and surfaces based on the mesh can be defined to ascribe boundary conditions to the model
* These boundary conditions will be created inside of the Dante Model Builder Plug-In
* Sets and surfaces must be created in the Abaqus CAE and they will appear in the Plug-In automatically to be selected
* First define sets of elements to ascribe material properties
Module: |- Part o Io?:uer:.lfg'ins Eep N 1- GO tO the Part mOdUIe
- %@; Reference Point... | O :K\;. Il 45 Create Set X
L ===l | | Prope o achmen » [N T ey
P | : n;: s | Name: [ALLELEM 2. Under Tools - Set = Create
“ | |Step Mod oo g Type . 1 i
A0, U9, | |iteracion le O Geometry O Node ® Element 3. Give a name, select Element, and click Continue
@ i :::a‘: gl TSI Warning: Native node and element
es w7, Midsurface > i . - . .
5 L., | |optimization 4 coormmess. e 4. Boxselect all the elements and click Done
g | | | |
B " B Customice. Cancel * The entire cylinder is made of one material
, G .,  Options... .
v so all elements in the part are selected

~ |Done

Copyright © 2019 DANTE Solutions. All rights reserved. 12



dante Step 6b: Creating Preliminary Sets, Monitor Node Set

* A monitor node is a node selected to allow for monitoring of the simulation job during computation
* Any node can be chosen from the mesh, depending on the area to be monitored
* The monitor node will be created in the Dante Model Builder Plug-In

4= Create Set X

Name: Monitor_Nod{ @

Type 1. Inthe Assembly module, create a node set by going to Tools - Set - Create
(O Geometry ® Node () Element
e 2. Rename the set aptly and select Node and Continue

Warning: Native node and element
sets will be invalidated
if the mesh changes.

3. Select a node on the part and click Done
Cancel

®

ially e
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dante’ Step 6¢: Preliminary Sets, All Nodes

* Field variable values, such as carbon content and temperature, are applied to the nodes of the model
* So a node set must be defined containing all the nodes in the model to which these field values are to be applied

1. Inthe Assembly module, create a node set by going through Tools - Set - Create
2. Rename the set ‘ALLNODES’ and select Node and Continue

3. Box select all the nodes in the model and click Done
45 Create Set X

Name: ALLNODES

Type

[ ] Make unsorted set

Warning: Native node and element
sets will be invalidated
if the mesh changes.

Continue... Cancel

Copyright © 2019 DANTE Solutions. All rights reserved.



* Heat transfer coefficient boundary conditions are applied on surfaces, so it is best to visualize what heat transfer
conditions are like on the surfaces of the components in question

* In this ring slice, the entire outer surface is exposed to the furnace atmosphere so the surface will be the
boundaries of the geometry

1. Inthe Assembly module, create a surface by going to Tools - Surface - Create
2. Rename the surfaces ‘Outer_Surface’ and select Geometry and Continue

3. Box select all the surfaces in the model and click Done

4 Create Surface X

Name: ‘ OQuter_Surfacq ‘

Type
(@ Geometry () Mesh

Warning: Native mesh surfaces
will be invalidated if
the mesh changes.

Continue... Cancel

ity [

Copyright © 2019 DANTE Solutions. All rights reserved. 15




dante  Step 7: Launching the Dante Model Builder Plug-In

4 Save Model Database As X

1. Be sure to have saved the cae model under File

Directory: | L] Dante50_Axisymmetric o & Ak £ o, EE

R 2. Launch the Dante Model Builder Plug-In from Plug-ins - Dante Model Builder
@ 3. The following graphical user interface (gui) will appear
%% Dante Model Builder X
N s @ Active Model: simple_2d_ring_c, Please select a DANTE model
5] File Model Viewport View Seed Mesh Adaptivity Festure Tools | Plug-ins Help N? Model  Material/Section Steps Initial/Boundary Conditions Controls  Carbon/Nitrogen File
L) —? = * [!‘ %2 Mesh defaults v @ ~ 0 [}& Al Ioolboxes > ”'_ Model Selection
mea) o K : F : 1 4 8 A ( Active Model simple_2d_ring_c v

| T._. LE 11.k.1.2 4 AR Tools Model Type v

Model Results Module: |3 Mesh i Pllug-ms... MNew Model Name
Create DANTE Model
 The Dante Model Builder packages together all Write Input File Submit Job

aspects of the model set up stages and inserts
all the proper information relevant to interface
the DANTE user subroutines into the model

cpus |

®

Copyright © 2019 DANTE Solutions. All rights reserved. 16

Help Cancel




dante’

1. To set up a carburization model, select the dropdown menu next to

Model Type and select Carburization

2. Click Create DANTE Model to apply the change

* This will prompt a warning dialog asking to confirm model type

3. Click Yes on this dialog to create model type

* This will set the Dante model type for the model and the Active

Model label at the top of the gui should update to reflect the change

1} Dante Model Builder
Active Model: simple_2d_ring_c, Please select a DANTE model

Model  Material/Section Steps Initial/Boundary Conditions Controls  Carbon/Nitrogen File
Model Selection
Active Model simple_2d_ring_c ud

Model Type Carburization v

MNew Model Name o
Create DANTE Model

Write |nout Eila Subhmit lah
Set a model type to define a DANTE model

cpus |1

Help Cancel

>

Copyright © 2019 DANTE Solutions. All rights reserved.

Step 8: Setting Up the Dante Model

{‘p‘ Dante Model Builder
Active Model: simple_2d_ring_c, Please select a DANTE model

Model = Material/Section Steps Initial/Boundary Condil

Model Selection

Active Model simple_2d_ring_c 4

Carburization B

Model Type

New Model Name Carburization
Nitriding
Create DANTE Mad Thermal
o1 Stress
Coupled-Thermal/Stress

2= Abaqus/CAE X

!

Create a Carburization model?

Yes

®

{} Dante Model Builder
Active Model: simple_2d_ring_c, Carburization

Model  Material/Section Steps Initial/Boundary Conditions Controls  Carbon/Nitrogen File

Model Selection

Active Model simple_2d_ring_c I
Model Type Carburization v
New Model Name
Create DANTE Model
Write Input File Submit Job
cpus | 1
Help Cancel

17



dante’

Step 9: Creating and Assigning Material

VN
4% Dante Model Builder L]-_)

Active Model: simple_2d_ring_c, Carburization

Model |Material/Section| Steps Initial/Boundary Conditions Controls

Define User Material

Create sections on all deformable parts and assign materials
Part Sets must be generated in the Part or Property modules

Initial Microstructure Alloy Composition

Part Element Set Material Name
simple_2d_ring-1.ALL_ELEM S51XX v

Clear All Material/Sections/Section Assignments

Add Material Section @

Help

Carbon/Nitrogen File

Cancel

45 Abaqus/CAE X

Successfully added:

0 material: 5531 XX

section: Section-1

Dismiss

Copyright © 2019 DANTE Solutions. All rights reserved.

To create and assign material to the model, proceed to the Material/Section tab
Under the Part Element Set dropdown, select an element set

* These are defined in the Part or Property Module and will automatically
appear in the dropdown menu when created

* A part element set was created in step 6 and should appear in the dropdown
Under the Material Name dropdown, select a Dante material
* Initial Microstructure may be used to set the initial microstructure

e Alloy Composition allows for slight variations to be made to the chemical
composition of the selected alloy

Click Add Material Section and the material will be created, a section will be
defined for the material, and a section assignment will also be created, assigning
the section to the selected part set

* A message box should appear if successful and can be dismissed



danter Step 10: Defining the Carburization Model Process Steps

Active Model: simple_2d_ring_c, Carburization

Model Material/Section | Steps | Initial/Boundary Conditions Controls Carbon/Nitrogen File

Define Steps

Monitor Node | Monitor_ Node | Create Step Edit Step |Save Step Edit | Delete Step

Step Name Description Previous Step Step Frequency
Carburization Carburize Step 1 Initial Carburization 10
Time Period Max. Num. Inc Max. Carbon Change
10620 1000 0.0005
Initial Time Inc. | Min. Time Inc. Max. Time Inc.
Step Amplitude STEP d
Help Cancel

4 Dante Model Builder x

NOTE: Selecting a created step in the Step/Frequency
table and clicking Edit Step will repopulate the step
table with information from the selected step. This
allows the user to edit and save step information with
Save Step Edit

Copyright © 2019 DANTE Solutions. All rights reserved.

Select the Steps tab to create process steps

One step will be created, under the Step Name, name the
step ‘Carburization’, a Description can be provided, and the
Previous Step should be set as shown in the figure

Under Time Period, type 10620 seconds since this process
step lasts 10620 seconds

The Max. Time. Inc. can be reduced to 500 seconds

Check the Monitor Node checkbox to create a monitor node
for a given single node set defined as shown in step 6

Finally, click Create Step to create the process step, it should
appear in the right-hand step/frequency table

* Since this is a carburization model, an Abaqus heat
transfer step is created for the model



dante’

Step 11: Creating Initial Conditions, Carburizing Temperature

* With the process steps defined, initial, boundary, and interaction conditions can be added

% Dante Model Builder X

Active Model: simple_2d_ring_c, Carburization

Model Material/Section Steps I Initial/Boundary Conditions l Controls  Carbon/Nitrogen File

Define Interaction Properties, Interactions, Initial Conditions, and Boundary Conditions

[ Add Initial Condition/Predefined Field ‘ Add Film Property/Amplitude

1.

2.

Ini Add model initial conditions

Add field and temperature data for steps to insert carbon/nitrogen/temperature profiles and activate DANTE kinetics models

[_Add Displacement Boundary Condition | Add Interaction

l Boundary Condition Manager ] Interaction Manager

®

Help Cancel
Field at Step Initial €% Initial Conditions and Predefined Fields
Field Type  Carburizing Temperature EI Field at Step Initial v
Region M Carburizing Temperature Field Type  Carburizing Temperature i
Total Carbon Weight Fraction
: Region ALLNODES v
(®) Constant Value 90(1 M
@ oK Apply Cancel

Copyright © 2019 DANTE Solutions. All rights reserved.

Pt

In the Initial/Boundary Conditions tab, click Add Initial Condition/Predefined
Field to add initial conditions

There are two types of initial conditions that are needed for a DANTE
carburization model: Carburizing Temperature and Total Carbon Weight
Fraction; both defined at the Initial step

The Carburizing Temperature is defined for all nodes, so a node set containing
all nodes should be defined as in Step 6: Preliminary Sets, All Nodes. This set
will appear in the Region dropdown menu

Check the Constant Value checkbox to set a constant value uniform
temperature in the carburized part and type in 900°C

Click Apply to create the initial condition and continue

NOTE: To model multiple carburizing temperatures,
multiple steps can be defined, and the predefined fields
can be added to those steps
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Step 12: Initial Conditions, Total Carbon Weight Fraction

% Dante Model Builder

Active Model: simple_2d_ring_c, Carburization

Model Material/Section Steps | Initial/Boun

dary Conditions | Controls Carbon/Nitrogen File

Define Interaction Properties, Interactions, Initial Conditions, and Boundary Conditions

[ Add Initial Condition/Predefined Field ‘

Add Film Property/Amplitude

1. In the Initial/Boundary Conditions tab, click Add Initial Condition/Predefined

Field to add initial conditions

2. The Total Carbon Weight Fraction is defined for all nodes, so a node set

Inif

Add model initial conditions

Add field and temperature data for steps to insert carbon/nitrogen/temperature profiles and activate DANTE kinetics models

containing all nodes should be defined as in Step 6: Preliminary Sets, All

[_Add Displacement Boundary Condition I

’ Boundary Condition Manager ]

®

Help

Add Interaction

Interaction Manager

Cancel

Field Type  Total Carbon Weight Fraction

4= Initial Conditions and Predefined Fields

H

Field at Step | Initial d

Region

@

®

Carburizing Temperature
N Total Carbon Weight Fraction
£ % Cubzenmal

Field Type | Total Carbon Weight Fraction

Region ALLNODES v

() External Data

(® Constant Value D.DD& v

Cancel

oK | Apply |

Copyright © 2019 DANTE Solutions. All rights reserved.

X

Nodes. This set will appear in the Region dropdown menu

* Carbon weight fraction defined at the initial step is the initial distribution
of carbon in the part. Either a constant uniform distribution of carbon
can be specified OR a carbon profile can be provided through external
data

In this case, check the Constant Value box and enter 0.002. This is the carbon
content in 5120 steel, 0.2% carbon content or 0.002 carbon weight fraction

3.

4. Click OK to create the initial condition and exit the dialog



dante: Step 12b: Reviewing Initial Conditions and Predefined Fields

1} Dante Model Builder b &
Active Model: simple_2d_ring_c, Carburization

Controls  Carbon/Nitrogen File

Model Material/Section Steps Initial/Boundary Conditions

Add Initial Condition/Predefined Fie

Define Interaction Properties, Interacy Initial Conditions, and Boundary Conditions
@ Add Film Property/Amplitude

Film Property/Amplitude Manager

|Initial Condition/Predefined Field Manager‘
Add Displacen View and Edit Initial Conditions and Predefined Fields
Includes: DANTE field variables and temperature predefined fields

Boundary| Edit Carburizing/Nitriding temperatures and potentials/phase transformation kinetics

Help Cancel

To review and edit initial conditions and predefined fields, click Initial
Condition/Predefined Field Manager

A table of the predefined fields will appear containing the status of each
at each step. Click on any column of a row to highlight a predefined field

Click Edit to edit the predefined field or Delete to delete it

* Use checkboxes to the left to suppress or unsuppress the predefined
field, a check means the predefined field is unsuppressed

1} Initial Conditions and Predefined Fields Manager

Predefined Field Initial Carburization
CarburizingTemperature-1 Created Propagated
Total_CarbonWt-1 Created Computed
Delete

0K Cancel

Copyright © 2019 DANTE Solutions. All rights reserved.

< Edit
Type: Field

Step: Initial

Region

OK

>

Name: CarburizingTemperature-1

ALLNODES v

Magnitude | 900.0

Cancel

22
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N
w

Active Model: simple_2d_ring_c, Carburization

Model Material/Section Steps Initial/Boundary Conditions

Step 13: Film Interaction Properties

Controls  Carbon/Nitrogen File

Define Interaction Properties, Interactions, Initial Conditions, and Boundary Conditions @

Add Initial Condition/Predefined Field

Add Film Property/Amplitude |

1. Heat transfer coefficients are needed to define the interactions

of the environment and the surfaces of the part, so film
interaction properties are created, click Add Film
Property/Amplitude

Initial C°"1 Define heat transfer coefficients vs time or temperature, temperature vs time, or constant values to add Interactions I 2

| Add Displacement Boundary Condition |

| Boundary Condition Manager |

Help

Copyright © 2019 DANTE Solutions. All rights reserved.

AddA Interartinn

{} Properties and Amplitudes g

Name: Reaction_Factor

Temperature Dependence @

[ ] Time Dependence
Film Coeff Temperature
1 0.0005 0.0010
2 0.0150 0.0154
OK Apply Cancel

Give the name ‘Reaction_Factor’

3. Film coefficients as a function of temperature are defined which
represents the rate at which carbon is deposited on the surface

of the part as a function of surface carbon, so check the
Temperature Dependence checkbox

4. Enter in the film coefficient vs temperature data:
(0.0005,0.0010), (0.0150,0.0150)

5. Click OK to create the property and close the dialog

NOTE: Recall the temperatures in the data are carbon content as
carbon diffusion models are identical in form to heat transfer
problems, so heat transfer steps are used

23
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{}‘ Dante Model Builder

Active Model: simple_2d_ring_c, Carburization

Model Material/Section Steps Initial/Boundary Conditions  Controls Carbon/Nitrogen File

Define Interaction Properties, Interactions, Initial Conditions, and Boundary Conditions

Add Initial Condition/Predefined Field

Add Film Property/Amplitude

Initial Condition/Predefined Field Manager }Film Property/Amplitude Managerl @

I Add Displacement Boundary Condition I

| Boundary Condition Manager |

Help

[View and edit film properties and amplitudes|

Interaction Manager

Cancel

Step 13b: Reviewing Film Interaction Properties

To review and edit interaction properties or amplitudes, click Film
Property/Amplitude Manager

A table of the interaction properties and amplitudes will appear
containing the type. Click on any column of a row to highlight a
property or amplitude

Click Edit to edit the item or Delete to delete it

* For the film property created, changes can be made to the
film coefficients vs temperature if needed

= Edit X

Name: Reaction_Factor

Type: Film condition, temperature-dependent

< Properties and Amplitudes Manager X

Property/Amplitude Type

Edit Delete

OK Cancel

Copyright © 2U1Y DANIE Solutions. All rignts reservea.

Film Coeff Temperature
0.0005 0.001
0.015 0.015

OK Cancel

24



dante’

£
w

Active Model: simple_2d_ring_c, Carburization

Model Material/Section Steps Initial/Boundary Conditions  Controls Carbon/Nitrogen File

Define Interaction Properties, Interactions, Initial Conditions, and Boundary Conditions

Add Initial Condition/Predefined Field Add Film Property/Amplitude

Initial Condition/Predefined Field Manager

| Add Displacement Boundary Condition

TR =

Film Property/Amplitude Manager @
Add Interaction I

| Boundary Condition Manager

{ Add heat transfer boundary conditions to the process steps I

{}‘- Interactions
] Constant HTC (W/mm*2 K)
HTC vs Temperature

[ ] HTC vs Time

Carburizing Potential (Wt. Frac.)

] Ambient Carb urizing Potential vs Time

Surface

Step

e © ©

OK Apply

Copyright © 2019 DANTE Solutions. All rignts reservea.

Reaction_Factor |+

0.008

Outer Surface

Carburization o

Cancel

Step 14: Adding Interactions

1. Finally the heat transfer interactions can be added to the model

based on the film property added in the previous step, click Add
Interaction

The HTC vs Temperature option should be checked
Check Carburizing Potential (Wt. Frac.) and enter in 0.008

* Thisis the target surface carbon content weight fraction.
That is, the 5120 material is being carburized to 0.8% carbon
content

All surfaces of the ring are carburized, so all surfaces in this 2D
case should be selected in a surface object. This surface is the
‘Outer_Surface’ defined in Step 6: Preliminary Surfaces

Select the first step, Carburization. Thus, the part will be
carburized to a 0.8% carbon content in the first step, subject to
furnace conditions defined by the ‘Reaction_Factor’ film
interaction property

Click OK to apply the property and close the dialog
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| i
w

| Active Model: simple_2d_ring_c, Carburization

Model Material/Section Steps Initial/Boundary Conditions

Step 14b: Reviewing Interactions

Controls

Carbon/Nitrogen File

Define Interaction Properties, Interactions, Initial Conditions, and Boundary Conditions

i Add Initial Condition/Predefined Field Add Film Property/Amplitude

Initial Condition/Predefined Field Manager | Film Property/Amplitude Manager

| | Add Displacement Boundary Condition |
|

Add Interaction

| Boundary Condition Manager | ‘

Interaction Manager

O,

View and edit heat transfer coefficient interactions boundary conditions |

Help

Cancel

1} Interactions Manager

Interaction Carburization

Interaction_Reaction_Factor-1 Created

Activate Deactivate Edit| Delete

OK

Copyright © 2019 DANTE Solutions. All rights reserved.

@

Cancel

To review and edit interactions, click Interaction Manager

A table of the interactions will appear containing the status in
each step. Click on any column of a row to highlight an interaction

* The left-hand column check boxes can be used to suppress
interactions, Activate and Deactivate can be used to turn the
interaction on or off in a certain step

Click Edit to edit the item or Delete to delete it

* The selected surface, film property, and ambient magnitude
(in this case carburizing potential) can be edited from here

S Edit X

Mame: Interaction_Reaction_Factor-1

Type: Surface film condition @

Step: Carburization

Surface Quter_Surface
HTC vs Temperature | Reaction_Factor v
Ambient Magnitude | 0.008

oK Cancel
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danter Step 15: Configuring Carbon Model DANTE Controls

#} Dante Model Builder

Active Model: simple_2d_ring_c, Carburization

Maodel keyword controls

Max. Temperature Change (C) per Substep
Max. Phase Change (Vol. Frac.) per Substep
Max. Carbon Change (Wt. Frac.) per Substep
Max. Nitrogen Change (Wt. Frac.) per Substep
Latent Heat from Phase Transformation

Stress Effect on Phase Transfoermation
Hardness Unit

Stress Relaxation

Carbide Decomposition

Help

default
default
default
default
default
default
default
default
default

Model Material/Section Steps Initial/Boundary Conditions Controls Carbon/Nitrogen File

Cancel

Model keyword controls

Latent Heat from Phase Transformation

Stress Effect on Phase Transformation

Hardness Unit

Stress Relaxation
Carbide Decomposition
Carbon Separation

Latent Heat due to Melting/Solidification

Model Under Development
Material Directory

Copyright © 2019 DANTE Solutions. All rights reserved.

default
default
default
default
default
default
default
default
default

Carburization models allow for control of the maximum carbon
change per substep and the material directory

The default values will suffice

Grayed out rows cannot be edited in the respective model type

This concludes the set up of the carburization model

The next step is to submit the job, so be sure to save
the model beforehand
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dante: Step 16: Creating and Submitting the Carburization Job

& < | » Atthis point, the carburization model is complete, and a job can be
Active Model: simple_2d_ring_c, Carburization created. Note that an input file can be written without submitting the
Model ~Material/Section Steps Initial/Boundary Conditions Controls Carbon/Nitrogen File job. The input file will get written regardless and, in both cases,
MadelSelaction checks are applied to verify that the proper DANTE model parameters
S - e - have been specified for the respective model type
Model Type v

1. A new model name can be given for the job name if desired
e g in the New Model Name box, skip this here to use the
Write Input File Submit Job ]@ original model name ‘simple_2d_ring_c’ as the job name

New Model Name

el Review and submit model b 2. Click Submit Job and the following dialog box will appear
asking for confirmation to submit the job, click Yes

Help Cancel * This will run a series of checks in the model to verify it, if
. something is found to be problematic, an error message
Abaqus/CAE : .
S Abaqus/ X box should appear. Otherwise, the CAE should switch
@ I\ OKto write input file and submit job? over to the Job module and text confirming the run
steps should appear in the CAE console. This indicates if
Ves No the model was input successfully:
History output is not requested in the following steps:
NOTE: At this point, the Plug-In may be exited Carburization
. x . ‘. . Job simple_2d_ring_c: Analysis Input File Processor completed successfully.
by clicking cancel or ‘x’ out in the corner Job simple_2d_ring_c: Abaqus/Standard completed successfully.
Copyright © 2019 DANTE Solutions. All rights reserved. Job EimpIE_Ed_ring_l: ':Dmpl'?te':j succe SEfu".'!I




dante’ Step 17: Carburization Model Post-Processing

#‘; Open Database

Directory:| [ Dante50_Axisymmetric v [ Fu oy B8

File Name: | "simple_2d_ring_c.odb" O Append to layers

oK

File Filter: | Output Database (*.odb) M Read-only Canc

el

Module: |5 Visualization ~| Modek

||||||

N
Plot Contours on
Deformed Shape

n

¥

T

I Oomo r
L I ] \,
_”I 444 |.r

0 > |8 Bk
Eil

Copyright © 2019 DANTE Solutions. All rights reserved.

1. With the model completed or even in simulation, the results file, or Abaqus
output database, can be opened from File - Open, select *.odb in File Filter
and the odb file ‘simple_2d_ring_c.odb’ and click OK

2. By opening the odb file, the CAE will switch to the Visualization tab, click on

the Plot Contours on Deformed Shape button to display result contours for the
temperature at the final time increment of the model

* Note that the temperature variable NT11 is displayed and that it
represents the carbon content weight fraction due to the use of heat
transfer steps in the Abaqus model

NT11

+7.998e-03
+7.498e-03
+6.998e-03
+6.498e-03
+5.999e-03
+4+5.499e-03
+4.999e-03
+4.499e-03
+3.999e-03
+3.499e-03
+3.000e-03
+2.500e-03
+2.000e-03

* Thus, this contour image shows the carbon distribution along a cross-
section of a ring slice that is carburized from 0.2% Carbon to 0.8% Carbon
content by weight
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dante’ Step 17b: Carburization Model Post-Processing

Options - Common

{'F Common Plot Options

Basic Color & Style Labels
Render Style
() Wireframe () Hidden

O Filled @® Shaded

Deformation Scale Factor
(® Auto-compute <calculate>

(O Uniform () Nonuniform

OK Apply

Defaults

Mormals  Other

Visible Edges

(O All edges
() Exterior edges

Cancel

Copyright © 2019 DANTE Solutions. All rights reserved.

By setting the Visible edges to Feature edges through the Options -
Common settings, the contours will be shown without the meshing

This can be helpful to better visualize results

NT11

+7.998e-03
[ +7.498e-03

+6.998e-03
+6.498e-03
+5.999-03
+5.499e-03
+4.999-03
+4.499e-03
+3.999-03

+3.49%e-03
+3.000e-03
+2.500e-03

+2.000e-03

30



dante® Step 18: Visualizing Carburization Solution Dependent Variables

* The other results may be visualized by selecting solution dependent variable results from the dropdown menu in

the Visualization tab

* These variables were automatically assigned to the model input file through the Dante Model Builder Plug-In

based on the assigned DANTE model type

* For this material and model, SDV_CRBALL shows the total Carbon weight fraction and should be similar to NT11

with slight differences caused by numerical precision

NOTE: For further information on post-processing of these
results, please refer to the tutorial:
Dante5 0 _Tutorial_2D_Axisymmetric_Ring_Slice_CAE

NT11

+7.998e-03
+7.498e-03
+6.998e-03
+6.498e-03
+5.999e-03
+5.499%e-03
+4.999e-03
+4.499e-03
+3.99%e-03
+3.499e-03
+3.000e-03
+2.500e-03
+2.000e-03

Copyright © 2019 DANTE Solutions. All rights reserved.

-‘iﬂ Primary  ~ NTI11 E]

NT11
SDV_CBDASIZE

iers/stefa/Desktop/Da| Spy_CBDBSIZE

|

SDV_CRBDA
SDV_CRBDE

=

S B000

SDV_CRBALL

SDV_TEMPERATURE

SDV_CRBALL
(Avg: 75%)

+7.998e-03
[ +7.498e-03

+6.998e-03
+6.498e-03
+5.999e-03
+5.49%e-03
+4.99%e-03
+4.499%e-03
+3.99%e-03
+3.499e-03
+3.000e-03
+2.500e-03
+2.000e-03

_Axisymmetric_2D_Ring_Tutorial/simple_2d_ring_c.odb




dante’

mate Report Options | Tools Plug-ins  Help K?

(L3 Quer_\,r.... C = E‘.\ :
Coordinate System »
Color Code...

XY Data 3

Module: |7 Visualiza' Display Group * |ers/lason/Desktop/

...... Field Output *

g, | | " EETE  vonoe

Spectrum 3
B: B View Cut »
[b o v Free Body Cut 3
L Stream 3
@ .. . .
Ry, En Job Diagnostics...
ﬁ L Movie 3
2, c 5
5 |‘_§| ™ reate Set
o IS Customize...

Options..

1} Create Path

Mame: | CarbonCasq
Type

@ Node list

() Point list

(_) Edge list

(_) Circular

Continue... Cancel

% -

Name: CarbonCase

Type: Mode List
Path Definition

Part Instance
1 CYLINDER_2D-1

Node Labels (Examples: 5 5:10 5:10:2)

Viewport selections: | Add ;E;EFE... Add After...

Node set selections: | Add Before... |Add After...

MName: CarbonCase
Type:  Mode List
Path Definition

Viewport selections: | Add Before...| | Add After...

Mode set selections: |Add Before...| |Add After...

Mudu\e:‘:\ﬁsua\izatiun | Model: | C:/Users/lason/Desktop/cylinder_2d_lpc.odb
e
e S +1,.3798-02
+1,281e-02

EE il +1.182e-0; baot . 354

Sy +1.084a-0 [ [ |
E-?)u +0 958e-0 | | I

g I I I
T =

5

Part Instance Node Labels (Examples: 5 5:10 5:10:2)

Rl CYLINDER_2D-1 354, 2858

0K Tip Cancel
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ualizz  Display Group

Field Output
Path
Spectrum
View Cut

Free Body Cut

NT

>
»
[ 3
»
»
*

Stream

lob Diagnostics...
Movie 13
Create Set
Customize...

Options...

»

OK Tip Cancel
ions | Tools  Plug-ins  Help K?
o Qe ¢ AR
Coordinate System » —
Color Code...

ers/Jason/Desktop/cyl

Manager...

Step 18b: Set up a Path Plot

A path plot is desirable for carbon in order to easily see carbon case
depths. While in the Visualization module, go to Tools = Path 2>
Create to open the Create Path dialog window. Name the path and
select Node list and click Continue to select the nodes to make the

path.

In the Edit Node List Path popup window click on Add Before... in the

viewport selections section

Click on a node on the surface of the part and follow the mesh line to
the core of the part and select a node to use as the end of the path
plot. Middle click or select done to set the nodes in the Edit Node List

Path window and click OK to continue.

With the path defined, go to Tools-> XY Data-> Create to open the
Create XY Data window. Choose Path and click Continue. In the XY
Data from Path window that opens, ensure that the path that was
created is selected and check the box that states Include intersections
to include every node along the path. Finally, click plot to

NT1L

S XY Data from Path
Data Extraction

Path: CarbonCase

[ Project onto mesh, tolerance: |0

Point Locations:
®
ons
(e

X-Values

V-Values
Step: 1, Carburization
Frome: 463 [Step/Frame.

Field outp:

Note: Re: settings will be applied
lues for the current

show the Carbon vs. Depth plot.

Model shape: @ Deformed O Undeformed

@® True distance O X-distance O X-coordinate
O Normalized distance O Y-distance O Y-coordinate
O Sequence D O z-distance O Z-coordinate 5"

NTT1 Ficld Output.

5. From the Report menu, select

XY... to open the Report XY Data
window. In the XY Data tab select the
data in the current viewport, and under
the Setup tab rename the file what you
wish with a .xlIs extension to save the
carbon path data. Click OK or Apply to
write the carbon data to the Exel file.

a~
L4

XY¥Data Setup

File

Name: | LPC_CarbonPathals Select...

[ Append to file
Output Format
Layout: @ Single table for all XY data

[ Interpolate between X values (if necessary)
() Separate table for each XV data

Page width (characters): @ Mo limit () Specify: |80
Number of significant digits: 6 [+
Number format: | Engineering |-/

Data
Write: [ XY data [] Column totals [] Column min/max

oK Apply Defaults Cancel
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Step 19: Generating the Carbon Distribution File

e The Carbon distribution in the component can be written out into an external file and used in the thermal and stress models

o

{} Select ODB to write carbon/nitrogen profile

Directory:| L] Dante50_Axisymmetric v o P A e o 2y, EE

Eile Name: | simple_2d_ring_c.odb

File Filter: | *.odb

P

oK

Cancel

X

s
-

Active Model: simple_2d_ring_t, Thermal

Model Material/Section Steps Initial/Boundary Conditions Controls  Carbon/Nitrogen File

Generate Carbon Files/Nitrogen Files

File Select Active ODB: C:/Users/stefa/Desktop/Dante5_0_Tutorials/Dante50_Axisymmetric_2D_Ring_Tutorial/simple_2d_ring_c.odb

File Name hple_2d_ring_c @

Step Increment

Carburization ™ |Increment 62: Step Time = 1.0620E+04 ~

Profile Type | Carbon Weight Fraction v @

Create Profile @

Help

Copyright © 2019 DANTE Solutions. All rights reserved.

®

Cancel

1.

To write out the carbon profile of the part from the end of the
carburization process, go to the Carbon/Nitrogen File tab in
Dante Model Builder and click File Select and open the output
database ‘simple_2d_ring_c.odb’, the file name should appear
next to Active ODB:

Give a name for the carbon profile to be generated,
‘simple_2d_ring_c’, here it will be given a “.cbn’ extension
automatically

The Step and Increment dropdown menus will be populated with
the available steps and step increments from the output
database, select the last step and last increment in the list to
write out the final carbon weight fraction

For the Profile Type, Carbon Weight Fraction should be selected

Click Create Profile to write out the carbon file, a file with the
name and extension: ‘simple_2d_ring_c.cbn’ will be written out
to the current working directory
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s _IHARD
(Awg: 75%)
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Thermal Model

65.

60. 1

SDV_IHARD

IS IS
o o

[
o

)
©

I I S —— — —
[ I ]

L L L 1 L 1
2.0 3.0 4.0 5.0 6.0 7.0
True distance along path

o
o
o

3.0

—  SDW_IHARD (Avg: 75%): True Dist. along 'Path-1' w/t Intersections
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Model Selection

Thermal Model

To create a thermal model, a new model can be added under the model tree, or in the Plug-
In, select Thermal for Model Type in the Model tab, with the carbon model as the Active

Active Model simple_2d_ring_c v 1 .

Model Type Thermal B @
Carburization

New Model Name
Nitriding Model

Create DANTE Mo R I
Write Input File Stress 2 .

Coupled-Thermal/Stress

Give a New Model Name, here ‘simple_2d _ring_t’

¢ Abaqus/CAE

E

!

Create a Thermal model?

Ve

Mo

Since a model name and type are given, the active model will be

copied and a new model should appear in the model tree if Yes is
clicked in the next dialog box asking to create the model

Switch to the newly created Thermal model in the Active Model

Active Model

&= Dante Model Builder X 3. CI |Ck Create DANTE MOdEI
Active Model: simple_2d_ring_c, Carburization
Model  Material/Section Steps Initial/Boundary Conditions Controls  Carbon/Nitrogen File 4' CIICk Yes to Create the mOdeI
Model Selection 5
Active Model simple_2d_ring_c d ’
Model Type Thermal v
New Model Name simple_!d_ring_i @
|Create DANTE Mude|]@ 6
I'ﬂ'f b | & L1 Cooln ke Lol b
ISet a model type to define a DANTE model | L
cpus |1 -
' OK to create new DANTE model: simple_2d_ring_t
* 5 type: Thermal
Help Cancel Yes @

®

simple_2d_ring_t

S5 Abaqus/CAE

No

>

Change current model?

NOTE: Be sure to save the model at this point

Copyright © 2019 DANTE Solutions. All rights reserved.

Yes

Mo
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dante Step 1: Creating and Assigning Material

Materials and sections must be defined and assigned to the proper regions in the geometry. This is done from the

Material/Section tab in the same way as in Step 9: Creating and Assigning Material and the material and element set
should be the same

{} Dante Model Builder

Active Model: simple_2d_ring_t, Thermal

Model Material/Section  Steps Initial/Boundary Conditions Controls Carbon/Nitrogen File

Define User Material

Create sections on all deformable parts and assign materials
Part Sets must be generated in the Part or Property modules

Initial Microstructure Alloy Composition

Part Element Set Material Name
simple_2d_ring-1.ALL_ELEM |S51XX e

Clear All Material/Sections/Section Assignments

Add Material Section

Help Cancel

Copyright © 2019 DANTE Solutions. All rights reserved.



danter  Step 2: Defining the Thermal Model Process Steps

e The thermal model steps are defined like the carburization model steps from step 10, as follows:

@ Description Previous Step Step Frequenql @ Step Name Description Previous Step Step Frequency
Heat-Up Furnace Heat Up Heat-Up 10 Qil-Quench Qil Quenching Process| Air-Transfer ~{ Heat-Up 10
Time Period Max. Num. Inc Max. Temp. Change Time Period Max. Num. Inc Max. Temp. Change | Carburization 10
1000 100 30 1000 1000 30 Air-Transfer 10
Initial Time Inc. | Min. Time Inc. Max. Time Inc. Initial Time Inc. | Min. Time Inc. Max. Time Inc. Qil-Quench 10
1 0.000001 1000 0.01 0.000001 50
@ Step Name Description Previous Step Step Frequency R " h I d h h I- d
= — NOTE: All steps should have the Step Amplitude
Carburization Carburization Process |Heat-Up ~{ Heat-Up 10
Time Period | Max. Num. Inc Max. Temp. Change | Carburization 10 set to Step EXCEPT for the Carburization step
1 500 30.0 N . .
T Y. Y- where the Carbon profile will be mapped into
10 1e-06 1 the thermal model. Set Step Amplitude to
Step Amplitude  RAMP L RAMP when mapping in Carbon profiles
@ Step Name Description Previous Step Step Frequency Step Name Description Previous Step Step Frequency
Air-Transfer Transfer from Furnace {Carburnzation ~1 Heat-Up 10 Air-Cool Air Cool to Room Tem{Qil-Quench | Heat-Up 10
Time Period Max. Num. Inc Max, Temp. Change | Carburization 10 Time Period Max. Num. Inc Max. Temp. Change | Carburization 10
12 1000 30 Air-Transfer 10 :
1500 1000 30 Air-Transfer 10
Initial Time Inc. | Min. Time Inc. Max. Time Inc. Initial Time Inc. | Min. Time Inc. Max. Time Inc. Qil-Quench 10
001 0.000001 L 1 0.000001 100 Air-Cool 10

* Be sure to check the Monitor Node check box and select the monitor node set. Once completed, save the CAE model

Copyright © 2019 DANTE Solutions. All rights reserved.
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Step 3: Creating Initial Conditions

Thermal models require at least 4 types of initial conditions: Temperature, Phase Transformation Kinetics, Total Carbon
Weight Fraction, and Nitride B Size Factor (which is added automatically so long as the others are defined properly)

o

Phase Transformation Kinetics

S

(Kinetics Mode) Austenitizing|Tempering|Volume Change by Carburizing/Nitriding

°
= ¥
Field at Step | Initial v Field at Step | Initial
Field Type | Temperature ke Field Type
Region  ALLNODES Region  ALLNODES
@I Constant Value | 20 [ (® Constant Value | default
OK Apply Cancel 0K
* These initial conditions can be

reviewed in the Initial
Condition/Predefined Field Manager

Model Material/Section Steps Initial/Boundary Conditions  Controls Carbon/Nitrogen File

Define Interaction Properties, Interactions, Initial Conditions, and Boundary Conditions
Add Initial Condition/Predefined Field Add Film Property/Amplitude

Initial Condition/Predefined Field Manager | Film Property/Amplitude Manager

‘ Add Displacement Boundary Condition | Add Interaction

‘ Boundary Condition Manager | Interaction Manager

Copyright © 2019 DANTE Solutions. All rights reserved.

4= Initial Conditions and Predefined Fields

Field at Step | Initial I

Field Type | Total Carbon Weight Fraction

Region ALLNODES v

() External Data

w (® Constant Value | 0,002 ~
Apply Cancel OK Apply Cancel

1} Initial Conditions and Predefined Fields Manager X

Predefined Field Initial Heat-Up Carburization Air-Transfer
Kinetics_Mode-1 Created Propagated Propagated Propagated
NitrideB_Size-1 Created Propagated Propagated Propagated
TemperatureField-1 Created Computed Computed Computed
il -
Total_Carbon'Wt-1 Created Propagated Propagated Propagated
< >
Delete

oK Cancel

4% Initial Conditions and Predefined Fields
Field at Step | Initial I

Field Type | Nitride B Size [
Region ALLNODES v

() External Data

(® Constant Value D.q o
0K Apply Cancel
Qil-Quench Air-Cool
Propagated Propagated
Propagated Propagated
Computed Computed
Propagated Propagated

X
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dante’ Step 4: Predefined Field to Map In Carbon Profile

Model Material/Section Steps Initial/Boundary Conditions  Controls  Carbon/Nitrogen File

Define Interaction Properties, Interactions, Initial Conditions, and Boundary Conditions

1. To map in the carbon profile, the external .cbn file created

Add Initial Condition/Predefined Field Add Film Property/Amplitude
previously will be read in at the Carburization step (where it ol s —
Add field and temperature data for steps to insert ca‘l\bunl.;'nl::tlr::‘-g“e:;"lemperature profiles and activate DANTE kinetics models
will be gradually ramped into the model) = I
2. Ca rbon WI” be read in as d TOtaI Carbon Weight FraCtion &% Initial Conditions and Predefined Fields b

field in the set of all nodes, defined in ALLNODES Field at Step | Corburization v

Field Type | Total Carbon Weight Fraction

3. Check External Data and File Select the carbon profile with a Regon  [ano0es B

.cbn file extension @ PR

Results Data C:/Users/stefa/Desktop/simple_2d_ring_

* Since this field data is read in from an external file

From Step v
instead of an output database, the From Step and From From Frame v
Frame boxes do not need to be filled in

(O Constant Value

4. Click OK to finish @ o o —

2= Abaqus/CAE X
The external data file path and name must not exceed 80 characters in length, {} Select File: b4
consider renaming or moving the external file to a different directory
Directory:| ] Dante50_Axisymmetric~ I ad A £ i by EE

NOTE: You may get this error message if the number of characters in
the file path to the external file exceeds 80 characters. In that case,
you can simply rename the *.cbn file to a shorter name or move it to a
Copyright © 2019 DANTE Solutions. All ignis reserved. AliF@CEONY closer to root

File Name: |simple_2d_ring_c.cbn OK

File Filter: | *.cbn v Cancel




dante’ Step 5: Defining Film Properties

. o [J . o o JL 1 i
1. Click Add Film Property/Amplitude in the Initial/Boundary 7 Propertes and Amplitudes - X
Conditions tab MName: | Furnace
Temperature Dependence
. . . . [] TimeD d
2. Properties for the furnace, oil quenchant, and air cooling are G
perature
defined; Give a name and check Temperature Dependence e
. ) ) . B Copy
3. Right click on the first row and column and click Read from @ Paste
File, film coefficient vs temperature information can be given S
in ascii text file format and some are in the DANTE parent X Delete Rows
directory in the Generic_HTC_Data folder o
. : . A o Read from File..
* These lines can also be pasted into table or filled out £ Wiite to File..
line-by-line
4. Click OK to insert the data lines, a warning box may appear,
click Dismiss > This PC > Windows (C) > Dante50 > Generic_HTC_Data
2 Abaqus/CAE X Name

/1

Copyright © 2019 DANTE Solutions. All rights reserved.

Show this dialog next time

= Generic_Air_Cool. TXT
=| Generic_Furnace_Heating.TXT
=| Generic_Oil_Quench. TXT

The data read from the file were truncated.

Row 2 in the file contains 4 columns of data, which cannot fit starting in table celumn 1.

=| Generic_Polymer_Quench.TXT
=| Generic_Salt_Quench_232CTXT
= Generic_Still_Air_Cool. TXT

=| Generic_Water_Wash.TXT

®

Field delimiter: spaces, tabs, or compias

Start reading values into table r

Start reading values into tajfe column: |1

@

Directory:| ] Generic_HTC_Data W ﬂ‘ » A I‘:F b 8, &

Cancel

Al
-

3 J.. |_] Generic_Polymer_Quench.TXT
_] Generic_Air_Cool. TXT _'| Generic_Salt_Quench_232C.TXT

‘; (BTN ELN eV NIl | | Generic_Still_Air_Cool.TXT

_] Generic_Oil_Cuench.TXT ] Generic_Water_Wash. TXT

File Name: | Generic_Furnace_Heating. TXT OK

File Filter: | All files (*) hd Cancel

NOTE: DANTE comes with
representative HTC data files which can
be used or modified to fit specific
cooling rates. Cooling rates differ from
process to process, so experimentation
may be needed to fit HTC values to a
certain process.

]
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dante’ Step 5b: Defining Film Properties

5. Some of the rows may contain extra information from the text file, highlight
any rows containing non-values, right click and Delete Rows and click Apply

6. Data used from the Generic_HTC_Data folder for the following properties

1} Properties and Amplitudes

MName: | Furnace

Temperature Dependence

W 4% Properties and Amplitudes X

Mame: Furnace

Temperature Dependence

(] Time Dependence (] Time Dependence
includes: Generic_Furnace_Heating.TXT for Heat-Up, Generic_Still_Air.TXT for Film Coeff  Temperature Film Coeff  Temperature
: i O : 1 10000050 §20.0
Air-Transfer, Generic_Oil_Quench.TXT for Oil-Quench, and N [ 5 |2 coma ™ oo
Generlc_Alr_COOI.TXT for Air-Cool 3 Fm name=Generic_Furnac
4 (& Cut
4 Properties and Amplitudes > & Properties and Amplitudes X 5 (153 Copy
Name: | Oil-QuencH Name: | Air-Cool 8 Paste
Temperature Dependence @ Temperature Dependence @ :HSE: ﬁcw i:tfure @
nse ow' er
1‘,‘ Properties and Amplitudes bt [[] Time Dependence [[] Time Dependence
Film Coeff Temperature Film Coeff Temperature C I
Name: | Air-Transfer @ "B 0.00020 2 = 1 |u 37.0 | = E:eariol:ltents s 0K Apply Cancel
. ear Table
[v] Temperature Dependence 2 0.00050 150 2 0.000129 65.0 _
- 3 oo 3w 3 ooz o0 £ Read from Fl.. Note: These heat transfer
ime Dependence , - :
4 0.00200 350 4 0000162 1200 & Write to File... . . o
Film Coeff Temperature 5 0.00250 400 5 0.000178 148.0 COEfflClentS can be speCIfled
0000010 [N 6 000375 450 6 |0000%7 | 1760 as constant values by
2 0.000050 150.0 7 0.00475 500 7 0.000237 231.0 - : : .
3 0.000100 3500 8 0.00500 550 8 0.000283 287.0 4% Properties and Amplitudes Manager X unchecklng both dependences
I — 9 0.00475 600 9 0.000335 343.0 Property/Amplitude Type e o .
4 0.000200 500.0 10 0.00300 650 10 0.000393 398.0 Air-Cool Film condition and gIVIng a Slngle value or
5 0.000300 750.0 11 0.00200 700 11 0.000458 454.0 Air-Transfer Film condition . . .
6 0.000500  1000.0 12 000150 750 12 0000533 5090 Furnace Film condition directly in the Add Interaction
13]000100 800 131 0000616 | 565.0 =ec el dialog. They can be edited or
oK Apply Cancel 14 0.00060 850 14 0000708  620.0 E— .
15 000050 1000 15 0.000811 6760 = — deleted from the Film
< > < > .
Property/Amplitude Manager
oK Apply Cancel oK Apply Cancel
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dante Step 6: Thermal Model Interactions

1. Inthe Initial/Boundary Conditions tab, click Add Interaction to now add the previously created film properties as
interactions to the surfaces of the ring slice geometry at each respective step

{} Interactions x {} Interactions X 1} Interactions X
[] Constant HTC (W/mm*2 K) [] Constant HTC (W/mm*2K) [[] Constant HTC (W/mm*2 K)
HTC vs Temperature Furnace o HTC vs Temperature Furnace d HTC vs Temperature Air-Transfer o
[ HTC vs Time [ HTC vs Time [ HTC vs Time
Constant Ambient Temperature (C) | 900 Constant Ambient Temperature (C) 900 Constant Ambient Temperature (C) 21
[[] Ambient Temperature vs Time [[] Ambient Temperature vs Time [[] Ambient Temperature vs Time
Surface Outer Surface Surface Outer Surface v Surface Outer Surface
Step Heat-Up It Step Carburization ™ Step Air-Transfer d
0K Apply Cancel oK Apply Cancel OK Apply Cancel
4% Interactions * %% Interactions X
(] Constant HTC (W/mm”"2 K) [[] Constant HTC (W/mm*2K)
Each ste p must have an HTC vs Temperature Oil-Quench M HTC vs Temperature Air-Cool ”
ambient temperature S LI HTC v= Time
aSSOC|ated W|th |t, here those Constant Ambient Temperature (C) 6 Constant Ambient Temperature (C) | 22
Va|ueS are Constant DAmbientTemperaturevs Time DAmbientTemperature vs Time
Surface Outer_Surface v Surface Outer_Surface |~
Step Qil-Quench e Step Air-Cool v
oK Apply Cancel oK Cancel
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dante Step 6b: Thermal Model Interactions

NOTE: Nothing needs to be changed on the table at this point, but it is a good idea to be aware of it.

Please review the interactions to make sure they are inserted at the proper step AND that each step has an

interaction associated with it, EVEN if that interaction is Propagated from another step

By default, this Plug-In deactivates the interaction properties at all the steps in which they are not defined.

Thus it is important to review each step to be sure that an interaction is properly defined or propagated

* Failure to do so might result in an error during simulation run time

{}‘ Interactions Manager

Interaction
Interaction_Air-Cool-1
Interaction_Air-Transfer-1
Interaction_Furnace-1
Interaction_Furnace-2

Interaction_Qil-Quench-1

m Deactivate Edit Delete

OK

A R EEE

|i|
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Heat-Up

Created

Carburization

Inactive

Created

Cancel

Air-Transfer

Created
Inactive

Inactive

Qil-Quench

Inactive
Inactive
Inactive

Created

Air-Cool
Created
Inactive
Inactive
Inactive

Inactive



dante’

FiN
h

Active Model: simple_2d_ring_t, Thermal

Step 7: Thermal Model Dante Controls

Model Material/Section Steps Initial/Boundary Conditions Controls  Carbon/Nitrogen File

Model keyword controls

Max. Temperature Change (C) per Substep default
Max. Phase Change (Vol. Frac.) per Substep  default
Max. Carbon Change (Wt. Frac.) per Substep  default
Max. Nitrogen Change (Wt. Frac.) per Substep default

Latent Heat from Phase Transformation default

Stress Effect on Phase Transformation default

Hardness Unit default

Stress Relaxation default

Carbide Decomposition default
Help

Carbide Decomposition

Carbon Separation

Latent Heat due to Melting/Selidification
Model Under Development

Material Directory

Copyright © 2019 DANTE Solutions. All rights reserved.

default
default
default
default
default

Cancel

The thermal model allows the user to change every DANTE

control keyword in the Controls tab except for Stress Effect

on Phase Transformation and Stress Relaxation since these
two are available only in the stress model

Everything on this page can be left as default
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Step 8: Creating and Submitting Thermal Job

* Please refer to Step 16: Creating and Submitting Carburization Job for the steps on how to submit the job

* Once again, this thermal model input can be written out if desired or the job can be submitted directly

1} Dante Model Builder

Active Model: simple_2d_ring_t, Thermal

Model Selection
Active Model simple_2d_ring_t v
Model Type Thermal I
New Model Name I

Create DANTE Model Convert to Stress

Write Input File Submit Job @

cpus | 1 [Review and submit modeljobl

Help

X

Model = Material/Section Steps Initial/Boundary Conditions Controls Carbon/Nitrogen File

Cancel

= Abaqus/CAE

. @

I OKto write input file and submit job?

Mo

bt
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1. Inthe Model tab, click Submit Job

2. Click Yes to write input file and submit job

If the model run is successful, the lines should be
displayed in the Abaqus CAE console

£

Job simple_2d_ring_t Analysis Input File Processor completed successfully.
Job simple_2d_ring_t Abaqus/Standard completed successfully.
Job simple_2d_ring_t completed successfully.
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dante’ Step 9: Thermal Model Post-Processing

1. To open the thermal model output database, similar steps may be taken to Step 17: Carburization Model Post-Processing

2. The simple_2d_ring_t.odb should be in the working directory and is the output database created from running the thermal
model. It will open in the Visualization module and the dropdown menu in the CAE toolbar can be used to view results.

{} Open Database
Directony:| (] Dante50_Axisymmetric» fat A~ A o e B EEE

(& ..
|_] simple_2d_ring_c.odb

§§ simple_2d_ring_t.odb

File Name: | "simple_2d_ring_t.odb" | Append to layers OK

File Filter: | Output Database (*.odb) ~ [ Read-only Cancel

NOTE: Be sure to save the model at this point
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E File Model Viewport View Res Plot Animate Report Op

U j E - El_f Et % Primary | NT11 El

[y Al v 1 o

L 30tz 2 A, 1

Model Results @ s
Session Data v g [2]2]a] EEE
/&5 Output Databases (1) a.
# &5 Model Database (3) -
+ Spectrums (7) Pﬁ: ;I

NT11 A
SDV_DEFWF_CARB

Current work directory: | C:\Users\stefa\Desktop\D:

Vi

SDV_DEFWF_CBDA
SDV_DEFWF_NITROGEN
SDV_DEFWF_NTDA
SDV_DEF_CBDA_SIZE
SDV_DEF_NTDA_SIZE
SDV_HARDNESS
SDV_VF_AUSTENITE
SDV_VF_FERRITE
SDV_VF_LBAINITE
SDV_VF_MARTENSITE
SDV_VF_PEARLITE
SDV_VF_TMARTENSITE

SDV_VF_UBAINITE vl

K

@

SDV_WF_CARB_AUST
SDV_WF_CARB_FERR
SDV_WF_CARB_LBAIN
SDV_WF_CARB_MART
SDV_WF_CARB_PEARL
SDV_WF_CARB_TMART
SDV_WF_CARB_UBAIN

W
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dante: Step 10: Visualizing Thermal Solution Dependent Variables

1. By selecting a solution variable, the contour image of the ring slice will be shown. By inspection, the ring slice has

formed a martensitic case on the surfaces of the ring with high hardness and soft core in the middle
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SDV_VF _MARTENSITE SDV_VF_UBAINITE SDV_HARDNESS

(Avg: 75%) (Avg: 75%) (Avg: 75%)
+9.555e-01 +7.634e-01
+8.772e-01 [ +6.998e-01 Ig'gﬂégﬁi
+7.989e-01 +6.362e-01 15 7850401
+7.205e-01 +5.725e-01 e E57es01
+6.422e-01 +5.08%e-01 3 esetol
+5.639e-01 +4,453e-01 +>.2068e+
+4.855e-01 +3.817e-01 +5.010e+01
+4.072e-01 +3.181e-01 +4.752e+01
+3.28%e-01 +2.545e-01 +4.494e401
4+2.506e-01 +1.908e-01 +4.236e+4+01
+1.722e-01 +1.272e-01 +3.977e+401
4+9.392e-02 +6.362e-02 +3.719e 401
+1.559e-02 +4,507e2-06 +3.461e+401

+3.203e+01
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Stress Model

S, Mises
(Avg: 75%)

+4.996e+02
B 14.594e+02

+4.192e+02
+3.790e+02
+3.387e+02
+2.985e+02
+2.583e+02
+2.181e+02
+1.779e+02

+1.377e+4+02
[ +9.747e+01

+5.726e+401
+1.704e+01
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dante’ Step 1: Creating a Stress Model

e As with the previous Carbon 1. Open the Abaqus CAE and the CAE model used in this tutorial
and Thermal model, the Stress

s . 2. Set the Active Model to the previous Thermal model
model may be built in a similar

fashion — Note that when the Active Model is a Thermal model, the Convert to Stress
* However, the Dante Model button is no longer grayed out, meaning it can be used to convert an active
Builder Plug-In provides the thermal model into a basic stress model

option to convert a thermal

model to a stress model which 3. Provide a New Model Name (simple_2d_ring_s)

is the method used here. This S Dante Model Builder X
a I IOWS for q u |Cke r St ress model Active Model: simple_2d_ring_t, Thermal
Set u p Model Material/Section Steps Initial/Boundary Conditions Controls Carbon/Nitrogen File
T — NOTE: If a name is
S Open Database X @ Active Model simple_2d_ring_t v I‘IOt prOVid ed, the
Directory: [_] Dante50_Axisymmetric v P A g gm0, EE o
S Model Type v Active Model
L Jsimple_2d_ring.cae @ New Model Name 5|mple__d_r|ng_{ name W|" be used
' ' . («
Create DANTE Model | Convert to Stress l Wlth an _S added
NOTE: THIS WILL SWITCH TO THE MESH MODULE to the end
IF YOU CONVERT A THERMAL MODEL TO A STRESS MODEL BE SURE TO CHANGE THE ELEMENT TYPE:
FROM HEAT TRANSFER TO STRESS IN MESH MODULE->ELEMENT TYPE
File Name: | simple_2d_ring.cae OK
File Filter:  Model Database (*.cae) v Cancel
Copyright © 2019 DANTE Solutions. All rights reserved. Lo S
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Step 1b: Creating a Stress Model

¢ Abaqus/CAE

Mo

X

[ OK to convert simple_2d_ring_t to Stress model?

Yes @

Active Model

simple_2d_ring_c

M

Model Type

MNew Model Name

simple_2d_ring_c
simple_2d_ring_s
simple_2d_ring_t

Active Model

simple_2d_ring_s

b

Model Type

Mew Model Name

Create DANTE M

Write Input Fi

o Abaqus/CAE

bt

I, Change current model?

Yes @

Mo
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4. Click the Convert to Stress button and Yes to confirm model conversion

e |f successful, this will create a DANTE stress model based on the thermal
model by converting the heat transfer steps to static structural steps

Module:

= Mesh v Modek |5 simple_2d_ring_s | Object: () Assembly (@) Part:|_ simple_2d_ring

5. Since a new model is inserted into the model tree, the Plug-In must update, so
set the Active Model to the newly created stress model

* Note that the module should have changed to the Mesh module

6. Click Yes to switch to the stress model

NOTE: The Convert to Stress feature is supposed to convert the
relevant DANTE parameters for the stress model as well as recreate
the thermal steps as stress steps. This saves the user time as they do
not have to redefine the same steps in the stress model or insert the
relevant DANTE stress model commands in the input file. What
remains is to switch the mesh element type to stress elements and
add basic stress displacement boundary conditions to the model

NOTE: Be sure to save the model at this point



ress ciements

1. The user must manually change the mesh type by selecting Mesh - Element Type

2. Box select the entire ring slice and click Done

3. Inthe Element Type dialog box, select Axisymmetric Stress in this case and uncheck the Reduced Integration

box to use CAX4 elements

Mesh Adaptivity Feature JTools
Controls... s

Orientation > |

| L
Global Numbering Control...

Part... -
Region... -
Delete Part Native Mesh...

Delete Region Native Mesh...

Create Bottom-Up Mesh...
Associate Mesh with Geometry...
Delete Mesh Associativity...
Edit...

Create Mesh Part...

Verify...
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i x

Select the regions to be assigned element types ‘ individually ‘K/

v end

# Element Type

Element Library Family

Acoustic

(@ Standard O Explicit

Axi symm etric Stress

Geometric Order Cohesive

(@ Linear () Quadratic

Cohesive Pore Pressure

Quad Tn

[ Hybrid formulation [

Element Controls

Specify I:l
(®) Use default (O Specify I:l

Second-order accuracy: fes Mo

Use default

Hourglass stiffness:

Viscosity:

<

CAX4: A 4-node bilinear axisymmetric quadrilateral,

Note: To select an element shape for meshing,
select "Mesh->Controls” from the main menu bar.

on [ Incompatible modes

oK | ' Defaults |

: Cancel '
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dante’ Step 3: Converting Mesh to Stress Elements

NOTE: If the CAX4 elements are used, this slide is irrelevant.

1. If you wish to use reduced integration points make sure to check the box

2. Then click on Stiffness in the Hourglass control section

3. At the top again, the Hourglass stiffness can be specified, so set it to 225, this value should work for most cases

Quad Tri @

[] Hybrid formulation Reduced integration [ ] Incompatible modes

Element Controls

Hourglass stiffness: (O Use default @ Specify | 229 @ -
Viscosity: (®) Use default (O Specify

Second-order accuracy: () Yes (@ No o
< - | ) >
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@

Hourglass control: () Use default () Enhanced () Relax stiffness (@) Stiffness
<

CAX4R: A 4-node bilinear axisymmetnic quadnlateral, reduced integration,
hourglass control.

L
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Step 4: Reviewing the Material

The material, section, and section assignment should have been preserved from the thermal model and

the material properties should have been converted to Mechanical material properties

Double click the material S51XX under the = simple 2d ring s

simple_2d_ring_s model tree to view the
material definitions if desired. Clicking
User Material will show that the material
constants are now defined under the
Mechanical material type

When defining material for a stress model
from scratch, the plug-in Material/Section
tab may be used to insert the DANTE
material information into the CAE model
directly or it can be defined manually
under the model tree

Copyright © 2019 DANTE Solutions. All rights reserved.

2 5 Parts (1)

-| simple 2d ring
+ & Features (2)
+ b Sets (1)
Ny Surfaces
® Skins
O Stringers
- §& Section Assignments (1)

Section-1 (Selid, Homogeneous)
Orientations
B, Composite Layups
+ Qg Engineering Features
Bn Mesh

‘ & Materials (1)

S51XX
&} Calibrations

= Z} Sections (1)

Section-1

2= Edit Material

Name: 551XX

Description:

Material Behaviors

Density
Depvar

General Mechanical Thermal Electric:
User Material

User material type:  Mechanical I
[[] Use unsymmetric material stiffness matrix
Data

Mechanical
Constants
7.83E-06
0

v
0.7

. Mo
vh © O O O

(=)

0.0635

0K
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danter Step 5: Reviewing Initial Conditions and Predefined Fields

1. Back in the Plug-In, review the Initial Condition/Predefined Field Manager table, the temperature profile
should have been mapped into the stress model from the thermal output database at each step

* |f they are not there or if a stress model is being built independently of the thermal model, create these
temperature predefined fields from the Add Initial Condition/Predefined Field box to specify the External

Data from an external file or output database and setting the step and step increment to retrieve the
temperature information

* All other predefined fields should be available as well

ol bs
hla

Predefined Field Initial Heat-Up Carburization ~ B _
Kinetics_Mode-1 Created Propagated Propagated temp_read_mj
NitrideB_Size-1 Created Propagated Propagated temp read in 2
TemperatureField-1 Created Propagated Propagated .

g _ Ped Ped temp_read_in_3
Total_CarbonWt-1 Created Propagated Propagated
Total_CarbonWt-2 Created tEmF‘-rEﬂ d-l r'|_4
temp_read_in_1 Created Propagated W tEn'IFI read in 5
< > - —
Edit Delete
oK Cancel
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dante Step 6: Defining the Displacement Boundary Conditions

1. To fix this axisymmetric model, a single node must be fixed so a node set must be defined in the Assembly module = Tools
—-> Set - Create and give a name and select Node and Continue

2. Select the node on the corner at the inner diameter of the ring slice and click Done
3. Go to Initial/Boundary Conditions tab - Add Displacement Boundary Condition

4. Let the Step be ‘Initial’, choose the node set defined above, and check u2 so that the node does not move in Y-dir, thus
fixing the 2D axisymmetric part while allowing it to grow and shrink due to the thermal and phase transformation effects

5. Click OK to finish the boundary condition, this can be reviewed and edited in the Boundary Conditions Manager

Fis
s - il
= , = Displacement Boundary C... X
{} Create Set * w.DanteModel Builder 25 Boundary Conditions Initial Heat-Up Carburization Air-Transfer
Active Model: simple_2d_ring_s, Stress DISPBC-1 Created Propagated Propagated Propagated
Name: | FIXED - e
-\I @ Model Material/Section  Steps | Initial/Boundary Conditions | Controls Carbon/Nitrogen File StEF' Initial il
T} pe Define Interaction Properties, Interactions, Initial Conditions, and Boundary Conditions
O Geometry ® Node (O Element Add Initial Condition/’Predefinec:U Add Film Property/Amplitude | Set: | simple_2d_ring-1.FIXED_Y hd
Initial Condition/Predefined Field 3 Film Property/Amplitude Managerl s ’
[[] Make unsorted set ' D ul Activate |Deactivate Edit Delete
. i Add Displacement Boundary Condition [ Add Interaction ‘
Warning: Native node and element = [ EE oK Cancel
sets will be invalidated B s certin R ’_J Ue:
. ixes a part in the global coordinate system for stress models
if the mesh changes. D 3
u
Cancel i is i
[Continue.. | [ ur NOTE: Since this is an
/?\ (] ur2 axisymmetric model, ONLY ul,
Cancel
Y b |
% [ ur3 O u2, and ur3 can be selected
X
OK Apply Cancel
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read-only

Step 7: Reviewing the Stress Model Dante Controls and

Submitting the Job

 The DANTE controls can also be reviewed, no changes will be made here, but notice how the
Latent Heat from Phase Transformation and Latent Heat due to Melting/Solidification are

e This concludes the stress model setup, be
sure to save the model, go to the Model
tab and click Submit Job or Write Input File

as was done previously

1} Dante Model Builder
Active Model: simple_2d_ring_s, Stress
Model Selection
Active Model simple_2d_ring_s ot
Model Type M
MNew Model Name
Create DANTE Model

Write Input File Submit Job

cpus | 1

[Review and submit model job |

Help Cancel

Mﬂdd Material/Section Steps Initial/Boundary Conditions  Controls  Carbon/Nitrogen File

Model keyword controls

Latent Heat from Phase Transformation default A
Stress Effect on Phase Transformation default
Hardness Unit default
Stress Relaxation default
Carbide Decomposition default
Carbon Separation default
Latent Heat due to Melting/Solidification default
Model Under Development default
Material Directory default v

4 Abaqus/CAE x

I, OKto write input file and submit job?

»r

Yes

Job simple_2d_ring_s: Analysis Input File Processor completed successfully.
Job simple_2d_ring_s: Abaqus/Standard completed successfully.
Job simple_2d_ring_s completed successfully.

NOTE: If the model runs successfully, the following messages should appear in the CAE console
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1. Open the stress model output database with File - Open
2. From the dropdown, select a stress state to view such as Mises

3. Displacement as well as all the other DANTE solution dependent

Step 8: Stress Model Post-Processing

variables can be viewed as well

4. Under Options - Common, change the deformation scale factor
to 1 to view actual deformed shape and select Feature edges

Primary v 5
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v | Mises @)\"‘.\ Current wo

Mises "/ A
Max. In-Plane Principal

Max. In-Plane Principal (Abs)
Min. In-Plane Principal

QOut-of-Plane Principal

Max. Principal

ﬂz-a _ Pressure

E* ol Third Invariant

“W. |51
By, 522
B HS33 v

S, Mises

(Avg: 75%)
+4.996e+02
+4.5942+02
+4.192e+02
+3.790e+02
+3.387e+02
+2.9852+02
+2.583e+402
+2.181e+02
+1.77% 402

+1.3772+02
[ +9.747e+01

+5.726e+01
+1.7042+01

{} Open Database

.
L] simple_2d_ring_c.odb

»_3 simple_2d_ring_s.odb

[ ] simple_2d_ring_t.odb

File Filter: | Qutput Database (*.odb)

Directory: | ] Dante50_Axisymmetric v o A A e s 0y E

~ [ Read-only

File Name: | "simple_2d_ring_s.odb" @ ] Append to layers

Cancel

<= Common Plat Options X

Basic  Color & Style Labels MNormals Other

Render Style Visible Edges
O Wireframe (O Hidden O All edges
(O Filled (®) Shaded (O Exterior edges

®
Deformation Scale Factor (®) Feature edges

(O Auto-compute (134.789) O Free edges

@ Uniform () Nonuniform (O No edges
.‘Q'_
Value: 1
oK Apply Defaults Cancel
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