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G;nté Introduction

Background

* This workshop will demonstrate the quench hardening modeling coupled between ANSYS R16.1 (or later)
and DANTE using a simple sliced ring model

* This workshop includes sequentially coupled carburization, thermal and stress models

Objectives
e Setting up heat treatment models

e Using ANSYS ACT for DANTE models

* Post-processing modeling results
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Material: AISI 8620 (Carburized)

* DANTE database grade: S86XX
Ring geometry for this workshop

* Inner diameter: 40 mm

* Quter diameter: 60 mm

* Height: 20 mm

* Oneslice of the ring (1.5°) will be modeled

Heat treatment process steps

* Heating (austenitizing / solution treating)
* Gas carburizing

* Transferring from furnace to quench tank

* QOil Quenching
* Taking the ring out of quench tank and cooling it to room temperature
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The carburization model, thermal model and stress model are sequentially coupled.

Model Output
Carburization e, Carbon distribution
Model |
Thermal ————)  Temperature history
Model
S Stress Distortion, Residual Stress,

Model and Microstructure Phases.
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dante’ DANTE Model — Project Schematic

The Project Schematic from Ansys Workbench will include a gas carburization model, followed
by a thermal model of the oil quenching process and a static structural stress analysis.

Project Schematic

- - B - C hd D
2 Q Engineering Data  +" 4 2 ﬁ Madel v 4 2 @ Madel v 4 2 @ Madel “ 4
3 E Geometry v 4 3 @' Setup ¥ 4 3 @ Setup ¥ 4 3 @ Setup ¥ 4
4 @ Model 4 & Selution ¥ 4 4 Solution ¥ 4 4 Solution v 4
Sliced RingModel 5 @ Results ¥ 4 5 @ Results ¥ 4 5 @ Results v 4
Carburization Mode Thermal Maodel Stress Model
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dante’ Simplified Model and Meshing

Simplified half sliced ring model used for this workshop:
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d.

Step by Step Workshop

Thin Sliced Ring

1. Model Geometry and Meshing

2. Carburization Model

3. Quench Hardening Thermal Model
4. Quench Hardening Stress Model



Model Geometry and Meshing
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dante’

Create the Project
1. Start Workbench:

—Start > All Programs = ANSYS “XX.X” = Workbench “XX.X”"

NOTE: XX.X is the Ansys version installed on the computer;
e.g.,16.1, 17.2, etc. This workshop is developed under
2019R3 (19.5) but will work for any version 16.1 and later

Software required for this project:

* ANSYS Mechanical Enterprise R16 or later

* DANTE (Compiled user subroutines and materials database)
* DANTE ACT

NOTE: All packages should be installed prior to this workshop
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Step 1: Start Ansys Workbench

O

A Unsaved Project - Workbench == %
Fle View Tools Units Extensions Help
(O ]]E) /TH Frosect
:ijﬂpaT Reconnect Refresh Project Update Project
E A I Project Schematic v qx
‘ B Analysis Systems | =
4 Design Assessmen t

B3 Eigenvalue Buckling

ﬁ Steady-State Thermal
B Thermal-Electric
Bz Transien it Structural

I Transien it Thermal

‘ E Component Systems

& Engineering Data
External Data

@ External Madel

{3 Finite Element Modeler
Q Geometry

I\ Mechanical aPDL

@ Mechanical Model

System Coupling

@ Double-click component to edit.

| T View All / Customize... ‘ E v aox

=1 Show Progress | % Show 0 Messages




darnte Step 2: Activate the DANTE ACT

The DANTE ACT is required to setup and run the heat treatment models.
1. Under Workbench Project, click Extensions, and select Manage Extensions to open the Extensions Manager window

2. In the Extensions Manager window, check the DANTE ACT, Dante5-0_ACT2-6-prX_ans19X, and close the window
* The numbers in the Dante version varying according to the ACT revision and Ansys Workbench version

A\ Extensions Manager — O >

| Loaded Extensions |  Type Version
AdditiveWizard Binary 3.0

AgwaloadMapping . Binary 2019.3
BladeInterference . Binary 1.0
v Dante5-0_ACT2-6-pr1_ans195 | Scripted 2.6

Extensions &) ' \ LSDYNA Binary 2019.3
Manage Extensions... MechanicalDropTest Binary 2.0

Install Extension... tionLoads Binary 2.1

Build Binary Extension... Off\ere Binary 2019.3
Variabl& oad Binary L1
| View Log File
Close
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dante’

1. Drag and drop Mechanical Model from the Component
Systems under Toolbox into the Project Schematic

2. Rename it as “Sliced Ring Model” (This is optional)

3. Save the project with the name: “sliced_ring.wbpj”
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Step 3: Create Project

A Unsaved Project - Workbench

(= | E s

Fie View Tools Units

mEE1
glImport... |
Toolbox

Project

* O x

|E| Analysis Systems | =

k4 Design Assessment
23 Eigenvalue Buckling
B9 Harmonic Response
FHE mModal

[ Random Vibration
Il Response Spectrum
Bz Static Structural

i Steady-State Thermal
@Y Thermal-Electric

k=l Transient Structural

™ Transient Thermal

|EI Component Systems /1

111

& Engineering Data

External Data

ﬁ External Model

(@@ Finite Element Modeler

@ Geometry

M Mechanical APDL

[@ Mechanical Model |

@ Mesh il

| id View All / Customize... |

Extensions Help

Reconnect Refresh Project # Update Project

Project Schej

@ Geometry ? .
@ Model T,

Sliced Ring Model

o Show Progress ”1,”_ Show 0 Messages
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dante’

Step 4: Import the Geometry

The sliced ring geometry for this workshop can be imported

from a CAD model created by the instructor (see this page) or
can be built using DesignModeler (skip this page)

1. Right click Geometry in the Mechanical Model, and select Import

Geometry, then select Browse

2. Navigate to and select the CAD file “Sliced_Ring.x_t” to import
(The file is provided in this tutorial directory)

3. Double click Model in the Mechanical Model to open ANSYS
Mechanical to begin meshing the model (Jump to the “Create
Mesh” section)
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2 & Engineering Data +

3[@ Geometn:

= |

4 @ Model
Mechanic

New Geometry...

©

Import Geometry v

Browse...

Duplicate
Transfer Data From New
Transfer Data To New

B EE®

Sliced_Ring.x_t
Sliced_Ring.x_t

Browse from Repository...

Update

Update Upstream Components
Refresh

Reset

Rename

Properties

Quick Help

Add Note
- A
1
2 & Engineering Data + |
3 |y Geometry v |,
4|@ Model

Sliced Ring Madel
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dante’

Step 5: Opening DesignModeler to Build the Geometry

| E Analysis Systems
{4 DesignAssessment
B3 Eigenvalue Buckling
(&) Electric
i Bxplicit Dynamics 2 & EngineeringData +
remencRezpar A e — D
ydrodynamic LUirrrEcion Sl MNew SpaceClaim Geometry... ——— . .

p—— \
1 HydrodynamicResponse 4@ M ; nght click on Geometry
@ Mods M |W Mew DesignModeler Geometry... |

| oda g -
filji RandomVibration Import Geometry \\ .
fili Response Spectum v [— — Select New DesignModeler Geometry to open

Rigid D i .

g’ S’E’lic SIIFT'::LI:' Transfer Data From Mew 3 De5|gn M Od e | er
ﬁ Steady-State Thermal Transfer Data To New 3
[y Thermal-Electric ¥ Update
g ::upnl.n g:;pt;nmaﬁnn Update Upstream Components

1 Transient Structura
a Transient Thermal J Refresh

|E| Component Systems Reset

iy ACP (Post) Hlsl  Rename
:|y ACP [Pre) Properties
#¥ Engineering Data .
External Data Quick Help
@ BExternal Model Add Note
(i@ Finitz ElementModeler
@ Geometry
n Mechanical APDL
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1. Select XY Plane to sketch on

2. Select the New Sketch icon to begin a new sketch

3. Select the Look at Face/Plane/Sketch icon to correctly orient the XY Plane

HE&| Do Greto |[sdect[*y b BRRE| o (Mo [|S QAR QO E @]+ [6e [
B- W v i v A~ A A
I'YF‘Iane - }-1-| Sketchl - E*j](i)j Generate WP Share Topology F'alameters J .Ertrude ﬁﬁwulve ~5weep ‘SkinfLuﬂ
tThim‘Surface § Elend v % Charnfer W Slice H @ Point g Corversion

Cutline B Graphics

/[ A:Sliced Ring Madel
= = K¥Plane

- v 72l Sketchl

------- / #= YZPlane
- / 51 0 Parts, 0 Bodies
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dante’ Step 7: DesignModeler: Sketch Ring Cross-Section

File Create Concept Tools | Units View Help
= & | &8 || $DUndg Meter ™| & @
W~ - A, A. /E., Centimeter |
v
X¥Plane * H= | Sketq -
Micrometer I
Foot I
Sketching Toolboxes Inch n _C
Large Model Support L
™. Line _
# Tangent Line « Degree F i
#% Line by 2 Tangents Radian @
Polyli
£\ Polyline Medel Tolerance g
@Pnlygon
3 DDRectangle
¢ hRectangle by 2 Paoints
@Oval
(=) Circle

A4 Circle by 3 Tangents
“uArc by Tangent

 Arc by 3 Points 1. Make sure the units are in mm (All DANTE models must use
Beipe mm length unit)
?.i_zll”::'”ct?°”f°?”t —— i 2. Change from the Modeling tab to the Sketching tab
Dmensions 3. Select Rectangle to draw the ring cross-section
<€| —— Sctings 4. Place the first corner of the rectangle on the positive x-axis
Detais View ’ 5. Place the second corner of the rectangle in the positive x-

direction and positive y-direction to the right of the first corner.
This allows the use of symmetry about the XZ Plane
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Sketching Toolboxes

imensions

& Length/Distance
(< Radius

3 Diameter

A Angle

5‘1 Semi-Automatic
& Edit

12 Move

[ Animate
'8! Display

Sketching I Modeling l
 Details View
[=| Details of Sketchl
Sketch Sketchl
Sketch Visibility Show Sketch
Show (¢ i No

1. Select the Dimensions tab and the General option
2. Theinner and outer radii are dimensioned from the y-axis and the height is dimensioned from the x-axis

3. The dimensions can be modified in the Details of Sketch area and are 20 mm, 30 mm, and 10 mm for the inner radius,
outer radius, and height/2, respectively. The height is height/2 because of the symmetry about the XZ Plane
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HE @

Step 9: DesignModeler:

Select *I% k' @ @ @

W A A~ A A A A F

(YPlane * #= | Sketchl

- '/2 Generate
@ Point

[B5]|Parameters

Shaae@Ee

| o M2

BEctrude  giaRevolve g Sweep  § Skin/Loft

Create

5-+/@ A Sliced Ring Model
[y X¥Plane

© b, Sketchl
¥ Z&Plane
i3 YZPlane

L Revolve2

o M@ 0 Parts, 0 Bodies

FD1, Angle (>0} |0.75°
As Thin/Surface? Mo
Merge Topology? | Yes
Geometry Selection: 1
Sketch Sketchl

Eketching  Modeling
ctails View ‘?l
Details of Revolve2
Revolve Revolve2
Geometry Sketchl
Axis 2D Edge
Operation Add Material
Both - Symmetric ﬂ

[E]-+4&8) A: Sliced Ring Model
By e X¥Plane
© 29 Sketchl
by e ZXPlane
sy B VZPlane
e

h '/lﬁﬂ
o M 0 Parl X Delete
i
5.2
b Rename (F2)

©

T

W2

.................... L
a

Ring Slice

1. Select Revolve in the toolbar

2. In the Details View, select
the newly created sketch for
Geometry (should be able to
just hit Apply), select the y-
axis for Axis, select Both —
Symmetric for Direction, and
enter 0.75° (creating a 1.5°

slice) for Angle

3. Right click on the newly
created Revolve in the Tree
Outline and click Generate

to create the slice

[ 1.5°Slice



dante’ Step 10: DesignModeler: Save Project

The ring slice geometry is complete.
Close DesignModeler and save the project in Workbench.

ﬁ sliced_ring - Workbench

File “iew Tools Units Extensions Jobs  Help

@ Project

I mlmport... | Reconnect Refresh Project  Update Project | pm ACT Start Page

| B Analysis Systems | o
[ DesignAssessment

) Eigenvalue Buckling i

Bletric : Double click on Model to

I ExplicitDynamics 2 | @ EngineeringData y . .

HarmoricRespore s @) ceomety v // open Mechanical and begin
oda .

fly Random Vibration 4|ﬁ Model i Al mEShlng the mOdE|

[y ResponseSpectrum Sliced RingModel

E= Rigid Dynamics

el Static Structural

W steady-State Thermal

Y Thermal-Electric
Topology Optimization

Copyright © 2019 DANTE Solutions. All rights reserved.



Step 11: Define Surfaces for Meshing & Boundary Conditions

dante’

Insert
Go To

:j’ Generate Mesh On Selected Bodies
:j’ Preview Surface Mesh On Selected Bodies
| Clear Generated Data On Selected Bodies

Parts

[outer_sur

Q' Hide Body (F9)
Q' Hide All Other Bodies

Q' Show All Bodies

Q Filter Tree Based On Visible Bodies

® Apply selected geometry
) Apply geometry items of same:

[ size

[ Type

[ Locationx
[ Location v
[ Locationz

Suppress Body
Suppress All Other Bodies

@ Hide Face(s) (F8)

] apply To Corresponding Mesh Modes

Cancel

P Lsometric View
G2 Set

sz Restore Default
(&) Zoom To Fit (F7)

20 Image To Clipboard (Ctrl+ C)

Cursor Mode
View
99 Look At

;«!“ Create Coordinate System
Q Create Mamed Selection (N])... O

5 Select Al (Ctrl+ A)

1. Use ctrl + f keyboard shortcut to activate the face selection, hold down ctrl on the keyboard
to select multiple surfaces, and select the inner diameter, outer diameter, and top surfaces

of the ring slice
2. Click the right mouse button in the work space and select Create Named Section

3. Name the selection Outer_Surf. Click OK when complete.

Copyright © 2019 DANTE Solutions. All rights reserved.
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dante’ Step 12: Define Meshing Parameters

1. Select Mesh in the Project Tree
2. In the Details of “Mesh”

* Change the Physics Preference to CFD

* Change the Use Automatic Inflation to All Faces in

Chosen Named Selection

* Select Outer_Surf as the Named Selection (This is
the surface we just defined in the previous slide)

e Choose Total Thickness for the Inflation Option
* Make the Number of Layers equal to 6
* Make the Growth Rate equal to 1

* Make the Maximum Thickness equal to 1.2 mm

Copyright © 2019 DANTE Solutions. All rights reserved.

Choose Linear for Element order
(REQUIRED FOR ALL DANTE MODELS)
* Expand the Inflation tab in Details of “Mesh”

Filter: mMame -

29 ® g1 8l

‘5] Project

- (88 Model (A4)
----- ./Eﬁ Geometry
..... s+ Coordinate Systems
..... 2. Remote Points

----- Connections

e 3 Named Selections

Details of "Mesh"

e

+

+

+

F

Display
Display Style EBody Color
Defaults

Physics Preference | CFD

Solver Preference |Fluent

Relevance 0
Export Format Standard
Element Crder Linear
Sizing
Quality

Use AutomaticIn...| All Faces in Chosen Named Selection
MNamed Selection | Quter_Surf
Inflation Option | Total Thickness
Mumber of La... | &
Growth Rate 1
Maximum Thic.., 1.2 mm
Inflation Algorit.., | Pre
View Advanced ... |MNo
Assembly Meshing
Adwvanced
Statistics
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G;nteo Step 12b: Brief Explanation of Meshing Techniques

Using the Inflation meshing option allows the user to create a fine layer of
elements on the surface which is needed to catch the steep carbon,
thermal, phase transformation, and stress gradients present close to the
surface during the quenching process. Coarser elements are used away
from this fine surface layer. It is ideal to make the Maximum Thickness
equal to the total expected case depth, not just the effective case depth.
If no carburization is used, a minimum of 1 mm should be used for the
Maximum Thickness. The Number of Layers can then be determined by
the desired thickness of the element: Number of Layers = Maximum
Thickness / Element Thickness per Layer. DANTE recommends using a
minimum element thickness per layer of 0.2 mm for gas carburization or
no carburization and a minimum element thickness per layer of 0.05 mm
for low pressure carburization.
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dante’ Step 13: Mesh the Component

1. In the Project Tree, right click Mesh, and select Generate
Mesh to mesh the part

2. The mesh is generated with six layers of wedge elements in
the surface, and coarser tetrahedral elements in the core

3. Close ANSYS Mechanical and save the project in ANSYS
Workbench before moving forward

Note: Different methods can be used to
create the mesh. However, finer wedge
or hexagonal elements are preferred
close to the surface to catch carbon,
thermal, phase transformation and stress
gradients during heat treatment
processes

Copyright © 2019 DANTE Solutions. All rights reserved.

Filter: pame -
Project
- & Model (A4)
- 8 Geometry
----,/.‘,:. Coordinate Systems
ol
@ g Insert
= ? Tr -4 Update
e

R

- Preview
[+

Show
=} Create Pinch Controls

~] Clear Generated Data
ik Rename (F2)

Start Recording

[ 24 H &

3

i Generate Mesh

»
»

®
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Carburization Model
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dante’ Carburization Process Description

* After the ring reaches thermal equilibrium with the furnace temperature, the
carburization process will start

e Carburization process:

e Carburization Step 1: 6 hours (21,600s); Temperature: 900 °C; Carbon potential: 0.95%
e Carburization Step 2: 2 hours (7,200s); Temperature: 875 °C; Carbon potential: 0.80%

 The carburization model is executed first. The carbon profile obtained is then
imported to the thermal and stress models when they are executed

* The carbon profile is mapped to the thermal and the stress models at the beginning of the air transfer step
in this workshop. The carburization process does not need to be modeled as a separate step in the thermal
and stress models.
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dante’Step 1: Carburization Model Setup, Add Analysis System to Project

1. Drag and drop a Transient Thermal Analysis
System into the Project Schematic

2. Rename it “Carburization Model”

3. Drag and drop the Model from the Sliced Ring
Model to the Carburization Model

4. Right click on Model in the Sliced Ring Model
(now has a lightening bolt symbol next to it) and
select Update

5. Double click Model in the Carburization Model
to open Ansys Mechanical after the Update is
complete

Copyright © 2019 DANTE Solutions. All rights reserved.
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[ Transient Structural 7 @ Results 2,
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|| @ Engineering Data
-
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2@ Model = =
. z- 4[@ Model v 4@ Model ?
? Sliced Ring Model @ 5 @ Setup F .
? = i =
Edit in Read-Only Mode. .. Modd B @ Solution - -
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dante’

1. With Mechanical open, click on Dante Model in the
Dante toolbar and select Carburization

2. Selecting Carburization opens the buttons needed
to complete the Carburization Model. The buttons
to the left of the single bar are for pre-processing
(setting up the model) and the buttons to the right
of the single bar are used for post-processing
(viewing the results). The Question Mark (?) is a link
to the Dante Help File

3. Click Initial Temperature

4. Under Details of “Initial Temperature”, assign a value
of 0.002. This is the base carbon in weight fraction.

Note: ANSYS Transient Thermal model and user
subroutines are used to model the carbon diffusion
process. Ansys’s Temperature variable is used to
represent carbon in the carburization model. A
Carburization Temperature will be defined to handle
the furnace temperature.

Copyright © 2019 DANTE Solutions. All rights reserved.

®

.I@

Carburization
Nitriding
Thermal |

Stress

Step 2: DANTE Model & Initial Temperature

— F B @ [ w N

Dante Material Carburization Model Output Finalize Model

Model~

Temperature

Control Frequency

Settings

® @B %

Dante
Results~

Write Carbon/Nitrogen
Profiles

@

Help

H] Project

& Model (B2)

- A Geometry

----- v sk Coordinate Systems
./Qﬁ Connections

'/% Mesh

----- F Named Selections

b /Y Analysis Settings
El--7l88| Solution (B4)
_//ﬂ Solution Information

JDetails of "Initial Temperature”

-1| Definition
Initial Temperature

Uniform Temp ejaoms
Initial Temperature Value PEEERE a

_
©)
Pre-processing | Post-processing



darnte Step 3: Define Units

. ore . . - HLLTLL ‘T;-Tags @P.-Ianagf Views & Print Previe
It is critical that the uni roperly defin B Ow
tis critical that the units be p Ope yde ed HHEEE I'::;"'J'."izan:l E]Selectmnlnmrmatmn in Report Pray
1. Click on Units in the Home toolbar ,;hnﬂﬁ;:'ﬂréen % Show Errors [# Unit Converter Ed Key Assigng
. Select Metric (mm, kg, N, s, mV, mA) Unit Systems
€ Metric (m, kg, N, 5, V, A) &2 [Tl Clipboard~ [Empty]

Metric (cm, g, dyne, 5, V, A)

2
3. Select Degrees
4

. Select rad/s (This isn’t critical as there is no motion v | Metric (mm, kg, N, s, mV, mA)
defined in the heat treatment models) Metric (mm, t, N, s, mV, mA}

Metric (mm, kg, N, s, mV, mA)

| I V. mA) ) )
e e Set the units to this base system.

5. Select Celsius (For Metric Systems)

Metric [um, kg, pN, 5, V, mA) ¥
U.S. Customary (ft, Ibm, Ibf, °F, 5, V. A)
NOTE: It is absolutely critical that these units are U.S. Customary (in, Ibm, Ibf, °E, s, V, A)
selected. If different units are selected, the model will Angle
run, but the results will be WRONG. |v| Degrees

For Example: If grams are chosen, carbon diffusivity Hadians

will be very high and thru carburizing will most likely
occur. If tonne is chosen, the carbon diffusivity will be
very low and the carbon will not penetrate the part.

Rotational Velocity

\i rad/s

RPM

Temperature

|7 Celsius (For Metric Systems)

Kelvin (For Metric Systems)
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dante’

Step 4: Define Processing Steps

1. Select Analysis Settings in the Project Tree to open the
Details of “Analysis Settings”

2. Modify the options listed in the Details of “Analysis Settings”
under Step Controls to the values listed in the table. The
Number of Steps for this analysis is 2

NOTE: The step numbers MUST be entered from highest
to lowest; i.e., start with Current Step Number 2 for
ANSYS to accept the time because the default for each
step is 1 second. So, if 21,600 seconds is entered for the
Step 1 End Time, ANSYS will reject it because the Step 2
End Time is still only 2 seconds.

3. Repeat the same procedure for Current Step Number 1

Current Step |Step End | Auto Time |Define|Carry Over [Initial Time| Minimum Maximum Time
@ Number Time Stepping By | Time Step Step Time Step Time Step Integration
2 28800 On Time off 1.00E-02 1.00E-05 1000 On
@ 1 21600 On Time N/A 1.00E-02 1.00E-05 1000 On

Copyright © 2019 DANTE Solutions. All rights reserved.
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Filker: MName -
24 = el gl

‘=] Project
B [§] Model (B2)
----- AR Geametry
----- /#% Coordinate Systems
----- > &, Remote Points
----- Connections
----- @ Mamed Selections
= ? Transient Thermal (B3)
-/T3° Initial Temperature
=l Solution (B4)
_;L] Solution Infarmation

Details of "Analysis Settings”

@ -|| 5tep Controls
2.

Current Step Number | 2,

Step End Time 23800 s
Auto Time Stepping | On
Define By Time
Carry Owver Time Step | Off
120025
1.e0055%
1000, s
Time Integration on

Initial Time 5tep
Minimum Time 5tep
Maximum Time Step




dante Step 5: Nonlinear Formulation

1. Change Nonlinear Formulation to Full under
Nonlinear Controls in the Details of “Analysis
Settings”

Note: This is required to call the DANTE user
subroutines. Be aware that the model may run if this
step is omitted, but the results will be WRONG.
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Details of "Analysis Settings” o
-|| $tep Controls
MNumber Of Steps 2
Current Step Number 1.
Step End Time 21600 s
Auto Time Stepping on
Define By Time
Initial Time Step 120025
Minimum Time 5tep 1.e005 s
Faximum Time Step 1000, 5
Time Integration on

-| Solver Controls
Solver Type Program Controlled
+|| Radiosity Controls
=|| Nonlinear Controls
Heat Convergence Program Controlled
Temperature Convergence | Program Controlled
Line Search Program Controlled

MNonlinear Formulation Program Controlled v|

+| Qutput Controls F'rnirarn Controlled \
+|| Analysis Data Managemen Quasi

+ | Visibility
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dante’

1. Select Material from the Dante toolbar to
add it to Transient Thermal in the Project
Tree

The following Steps apply to modifying values
in the Details of “Material”:

2. Click on the yellow box next to Geometry,
select the entire part body. Simply click on
the part to select the entire body

Select Apply for Geometry

4. Select S86XX for the AISI 8600 series steel
from the Material Name dropdown menu

5. Change the Carbon (Wt. frac) to 0.002 to
indicate AISI 8620

6. The Type should be set to Carburization

Copyright © 2019 DANTE Solutions. All rights reserved.
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Dante
Model~

] & @

Material Carburization
Temperature

Dutline

Namé

T projg
=2 @

Material

)

®

Material

&-&H-&H-EH-E

-+

v

@ Geometry

+1 Materials

/[; Construction Geometry
v s+« Coordinate Systems
/%) Connections

@ Mesh

8 Named Selections

Transient Thermal (B3)
~T-0 Initial Temperature
1] Analysis Settings

- 4 4 Material
—

Step 6: Assign Material

"Details of "Material" i w B OIX

- Geometry
Scoping Method | Geometry Selection
Geometry 1 Body

= Definition
Material Name 586200
Density 7.8E-06 kg/mm*
Type Carburization

Carbon (Wt. frac) | 0.002

@

Details of “Maternal”
- Geometry

Scoping Method | Geometry Selection
Apply

©

Details of “"Matenal"

- Geometry
Scoping Method
Geometry

= Definition

Material Mame

®

Density
Type
Carbon (Wt. frag)

©

Geometry Selection
1 Body

S86MX

7.8E-06 kg/mm?
Carburization
0.002

Cancel
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dante’

1. Select Carburization Temperature from the
Dante Toolbar, and Carburize Temperature will
be added under Transient Thermal in the
Project Tree

2. Click Tabular Data in the Details of “Carburize
Temperature” to open the Carburization
Temperature table

3. Add 4 rows to the table; time zero, the two
step end times, and an intermittent time for
temperature ramping

4. Input the time-temperature table for the
carburization process shown and click Apply to
close the table

NOTE: ANSYS will ramp the temperature, so it is
important to add an intermittent time to allow
for the ramping.
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[~ 7 & @]

Dante
Model~

Material Carburization M
Temperature Co

Name

Carburization Temperature
T project*

8 Carburization
> lemperature
5 5 Model ( s

Step 7: Define Carburization Temperature

Details of "Carburize Temperature”

(2)

=|| Definition
Carburization Temperature | Tabular Data

C izatigp-femperature
= 3

~ “Thtal Time (=)

Temperature (C)

-9 Geometry

[+ Materials

#- [ Construction Geometry
#-, s Coordinate Systems

pe

#- %) Connections

P Mesh
A N9 Named Selections
=i Transient Thermal (B3)

< T-0 Initial Temperature

JIIL Apalvsis Settings

0.0 950

0.0 Q50

0.0 950

0.0 950

- o P Material 1
ffiﬁq Carburize Temperature

Carburization Temperature

=

Total Time (s) Temperature (C)

0.0 900

21600 900

> 21700 875

28800 875

Add intermittent time




dante’

1. Select Model Control from the Dante
toolbar to add it to Transient Thermal
in the Project Tree

2. Select value for Max. Carbon Change
(Wt.frac) per substep as 0.0005
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Step 8: Define Carbon Control

~ F @ @& [l W

Dante Material Carburization Model OQutput
Model~ Temperature Control Frequency

Fi

Model Control

Model
Control

- T0 Geometry

- /(% Materials

/0 Construction Geometry
s+ Coordinate Systems

-+{%) Connections

%D Mesh

- 1% Named Selections

-/ Transient Thermal (B3)
- yT=0 Initial Temperature

—— ] Analysis Settings

Details of "Carbon Control”

- 4 & Material
----ﬁvq Carburize Temperature
4§ Carbon Control
=% Solution (B4)
#--(5) Solution Information

- Definition
Max. carbon change [Wt. frac) per substep | 0.0005
Material Directory default
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dante’ Step 9: Define Output Frequency

1. Select Output Frequency from the Dante toolbar to add it to
Transient Thermal in the Project Tree. The Output Frequency is
used to define the frequency of writing simulation results to the

results file

2. Click on Tabular Data to open the Frequency Table

3. The default values can be used to save values at every 10t"

substep, click Apply to finish

- Definition

Frequency Table

Details of "Output Frequency’

Apply

v lOox

Cancel

@ Frequency Table

Step
1

Qutput Frequency
10

2

10

7 @ @

Dante Material Carburization
Model~ Temperature

Name

T project*

= (& Model (B2)

/@ Geometry

- o[ Materials

-/0s Construction Geometry

- +1a Coordinate Systems

-+[%) Connections

- %D Mesh

%) Named Selections

: [E Transient Thermal (B3)

- #T=0 Initial Temperature

- Jl] Analysis Settings

CRCRC RN

W

Model Output Finalize Mo
Control Frequency Settings

d

Output Frequency

Qutput
Frequency

~ % Material

,Qa Carburize Temperature

~ i Carbon Control

b ©
=% Solution (B4)
&--2{3) Solution Information
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G;nte° Step 10: Define Carbon Boundary Condition

There are two ways to apply the carbon boundary condition, referred to as the carbon potential. The first
way is by using a Temperature boundary condition. This method assumes that the surface to be
carburized instantaneously reaches the carbon potential. Although this method works for most cases,
this is not what happens in the actual process.

In the actual process, the heat of the furnace and the surface of the component cause dissociation of the
carbon atoms from the carrier gas. The carbon atoms can then begin diffusing into the austenitic matrix
once they have dissociated from the carrier gas. Although this process is relatively fast, it is not
instantaneous.

The other, and preferred, method is to use Convection. This method allows the carbon to ramp up to the
carbon potential on the surface and represents the actual process much better. The ramping of carbon
on the surface is still relatively fast and can be controlled by adjusting the convection coefficient. This is
the method used here, with the steps explained on the next page.
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dante’

Step 10b: Define Carbon Boundary Conditions

1. From the Environment toolbar, add 2
Convections to Transient Thermal for the 2
carburizing steps

2. Rename the 2 Convections; 15t Carb Step & 2
Carb Step

Proceed through the next 2 steps 1 BC at a time

3. Fill out the Details section with the
information shown in the table

4.

To apply the BC to the desired step, the other

step(s) must be deactivated. In Tabular Data,
highlight the step(s) to be deactivated by
clicking on the step number. Right click and
choose Activate/Deactivate At This Step!

Environment

Analysis

Display

Selection

Automation Dante

E: commands (@) Images

[COcComment [@Section Plane

iin Chart

®

B2 Annotation

» ’ Insert
_m Qa [ewe

@fTemperature Gﬂ Kg C“?
& Convection R o
Heat Conditions = Write ||
/I Radiation . . File
Thermal
Convection

il

" B: Carburization Mod,
Material
Time: 21600 s
6/6/2020 11:30 AM

Insert a Convection load to cause convective
heat transfer through one or more flat or
curved faces in contact with a fluid.

4

(D Press F1 for help.
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T Project*

= (@ Model (B2)
#-/%® Geometry
&8 Materials

@ Construction Geometry
#- K Coordinate Systems

- {&) Connections
@ Mesh

5

m

8 Named Selections
2| Transient Thermal (B3)

v T-0 Initial Temperature

11 Analysis Settings

% Material

/3, Carburize Temperature

-|| Scope

Scoping Method
Mamed Selection

—|| Definition
Type

Film Coefficient

Convection Matrix

MNamed Selection

Convection

Outer_SurfSliced Ring Model)

1.52-002 W/mm=*C [step applied)

| PR i ] 2.52-003 *C (step applied)

Program Controlled

Ili Carbon Control Suppressed Mo
" Output Frequency
2% Convection - 1st Carb Step @
2% Convection - 2nd Carb Step
=-2{&) Solution (B4) I
&--~{5) Solution Information
Steps | Time [s] |F Convection Coefficient [W/mm*C] |F Temperature [*C] |
Details of "Convection - 1st Carb Step" *x31Ox 11 0. =1.5e-002 =9.5e-003
-1/ Scope 2|1 1. 1.5e-002 9.5e-003
Geometry Selection LJ 3|2 EREhN =00
Geometry No Selection il Copy Cell
- Definition Paste Cell
Type Convection Export
Film Coefficient 0. W/mm**C (step applied)
Ambient Temperature | 2.e-003 *C (step applied) E
Convection Matrix Program Controlled
Suppressed No
Ambient
Scoping Film Temperature
Ste Geometr . . ._,|Convection Matrix
P Method y Coefficient | (Carbon Potential
Weight Fraction)
1st Carb Named Program
*® " |Outer_surf| 1.50E-02 9.5e-03 :
Step Selection Controlled
2nd Carb Named Program
*® | Outer_Surf| 1.50E-02 8.0e-03 8
Step Selection Controlled
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dante’

Step 11: Running the Carburization Model

1. Select Finalize Model Settings from the Dante toolbar to add it to Transient Thermal in the Project Tree

2. This will perform a check on the carburization transient thermal model tree. If the model is set up properly, a green check
mark will be displayed next to the Finalize Carbon Setting in the model tree indicating that the model is ready to run

File Home

[~ I @

Dante Material Carburization

Model~

MName

1 project*
..«I_‘?_‘:J
-
W L=
iy

3K
-

Jf:fj
i)
=3

/A

-8

Environment

v

-

Temperature

B @ Model (B2)

Geometry

Materials

Construction Geometry
Coordinate Systems

=] Connections

Mesh

MNamed Selections

Transient Thermal (B3)

=0 Initial Temperature

1] Analysis Settings

%" Convection - 1st Carb Step
9 Convection - 2nd Carb Step
» # Material

-/, Carburize Temperature

~Ili carbon Control
¢ Output Frequency

/&) solution (B4)
®

5] Solution Information

Display Selection

H N5,

Output Finalize Model
Control Frequency

Automation Dante

Settings

Finalize Model Settings [% "

Finalize
Model
@ Set‘tmgs

6/6/202011:44 AM

®

Dante
Results™

[~

Write Carbon/Nitrogen
Profiles

IcN ©

O

» Q @ @ @ Select " Mode~

t @

Help

salliofaloll Rl

3. Be sure to save the model,
right click Solution in the
Project Tree and Solve to run
the model

B-4@
B (%) Solutic Insert ’ @
Details of "Solution (B4)' $ Solve

-/ Adaptive Mesh Refinement B Copy

Max Refinement Loops | 1. Solve

Refinement Depth 2. GieaE Gt ﬂ Start the solution process |
I o e T Rename 7 using the current solve ||
process settings.
Status Soh = GroupAll

MAPDL Elapsed Time

(D Press F1 for help.

-
MAPDL Memory Used =5 0pen o
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dante’Step 12: Carburization Model Post-Processing, Write Carbon Profile

1. Select Write Carbon Profile from the Dante toolbar,

and the Write Carbon Profile is added to the Solution

Under the Details of “Write Carbon Profile”, change
the file name to “sliced_ring_cc” for the Save Data.
The default result set is from the final frame of the
solution, but the user can select the carbon data from
any saved frame

Right click Write Carbon Profile under Solution in the
Project Tree, and select Evaluate All Results to write
the carbon profile file. The file is then saved in the
Project directory (the directory in which you saved
your current Project.) with a folder name as
“dante_files” as a .cbn file (see the next slide)

NOTE: We will need to find this file later, so knowing
what directory it is in is important.
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File Home Solution Display Selection Automation Dante
¢ @ @ [ W P o
chmrte
1 A A | I -
Dante Material Carburization Model Output Finalize Model
Model™ Temperature Control Frequency Settings
[ Outline .~ 3 0x NN ICI I
Name v -
== B: Carburization Model
Model (B2 i
B e p (82) 8 Write Carbon Profile
v/ Geometry 6/6/202012:43 PM
/(5 Materials
/0 Construction Geometry . Write Carbon Profile
v i1 Coordinate Systems
/%) Connections

@ Mesh
% Named Selections
/Il Transient Thermal (B3)
»~T-0 Initial Temperature
1 Analysis Settings
+%' Convection - 1st Carb Step
%' Convection - 2nd Carb Step
~ % Material
/B, Carburize Temperature
~Ili Carbon Control
/¢ Output Frequency
( Finalize Carbon Setting
=& Solution (B4)
- {5) Solution Information

o=

L
1]/} write Carbon Profile v
Details of “Write Carbon Profile” * 1 Ox
- Definition
Save Data | sliced_ring_cc

Result Set Selection
Carbon Save Options

Default (Last Result Set)
Carbon Content/Carbide A Fraction

Tol. 0.00001
By Time
Display Time Last
- Geometry
Scoping Method All Bodies

Tabular Data

1

1]

2]

Wt

& B %

Dante 'Write Carbon/Nitrogen
Results ~ Profiles
~| #» | C) | Write Carbon/Nitrogen Profiles

N Write
l I . Carbon/Nitrogen
Pt Profiles

0.000 5.000

2,500




dante’ Step 12b: DANTE Carbon Profile Directory

> This PC > Desktop > Dante5_0 Tutorials * Dante5_0_Gas_Carb_QOil_Quench_Tutorial

Project
Directory

Ltorials » Dante5_0_Gas_Carb_Oil_Quench_Tutorial > sliced_ring_files

-,

\"‘. dme Name

sliced_ring_files dante_files
dp0

A sliced_ring.wbpj

55

dpall

sesflon_files

cer_files

Saved file in Project directory (the directory in which you saved your
current Project) with a folder name as “dante_files” as a .cbn file

» This PC > Desktop > Dante5_0_Tutorials > Dante5A_Gas_Carb_Qil_Quench_Tutorial * sliced_ring_files * dante_files

N

Mame

| sliced_ring_cc.cbn
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dante’

1. Under Dante Results, the six
solution variables can be viewed
in the Carburization model, select
Carbon All to visualize the carbon
distribution in the part

2. A Carbon All solution object will
appear under Solution, right click
and select Evaluate All Results

3. Checking the result, the Carbon
content contours will appear.
Here the max Carbon content on
the surface is around 0.8% at the
end of the simulation as was
specified in the carburization
schedule
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®

Step 13: Carburization Model Post-Processing,
Carbon Distribution Visualization

B: Carburization Model
Dante Write Car Carbon All
Results Pr Expression: SVAR2 e e e T e e f— ——
@ Tirme:; 28800
6/7/2020 5:17 PM
Dante Results
0.0080085 Max
@ St B 00073400
esults
— 0.0066733
1 0.0060057
— 0.005338
® Carburizing Temperature L | 0.0046704
ﬁj Carbon All @ —{ 0.0040028
— _ _ o 0.0033352
® Weight Fraction of Carbon in Carbide A Form I 0.0026676
®5 Carbide A Size Factor 0.002 Min
® Wweight Fraction of Carbon in Carbide B Form @
5 Carbide B Size Factor

=-- E Solution (B4)

#--,{5) Solution Information

,@ Write Carbon Profile
%P Carbon All

I £3  Evaluate All Resurtsl

©

NOTE: These DANTE results can be
added before running the model,
when solving the model, they will
be evaluated along with it




dante’ Step 14: Carburization Model Post-Processing,

Right click on Model in the Project
Tree and Insert a Construction
Geometry

Add a Path to the Construction
Geometry

Choose the Node Selection method
and select Click to Change for the
Location entry under Start in Details
of “Path”

Pick the first node of the Path; this
will define the zero position on the x-
axis of the plot. Click Apply in the
Details of “Path” under Start

For the End entry, a point in the core
is selected and this path will be used
to plot solution variables such as
carbon from case to core. This path
can be renamed to Case-Core Path

Copyright © 2019 DANTE Solutions. All rights reserved.

[l project* A
SR ] Model (B
'--,rﬁ Geor Insert 4 Q MNamed Selection
. Solve ~
",F Cone @ll Part Transform
By Coor b Rename F2 Construction Geometry  »
Conr . )
:% Mest . Refresh Materials E Symmetry
@ & Nam Y7 Disable Filter #. Remote Point
El-----,f. Transenc imermartosy
/76 Tnitial Temperature @ Mesh Edit
-,/ Hi] Analysis Settings @ Mesh Numbering

- %" Convection - 1st Carb Step

2 ) Convection - 2nd Carb Step

3 AM Process

Path
Q Insert a Path object to

) 9 replresent a spatial curve to
i__.2" which you scope results.

30O

(D Press F1 for help.

s
| e Pal:h ~
Details of * Path ~lOx

- Definition
Path Type
Path Coordinate System

Two Points

| Global Coordinate System

™ Mode~

Number of Sampling Points 47,

.Suppressed | No
= Start

'Coordinate System Global Coordinate System

Start X Coordinate 0. mm

Start ¥ Coordinate 0. mm

Start Z Coordinate 0. mm

Click to Change @
= End

'Coordinate System Global Coordinate System

End X Coordinate 0. mm

End Y Coordinate 0. mm

End Z Coordinate 0. mm

Location Click to Change

tagliofaliol -

®

Carbon Case Depth
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1.

dante’

Since the carbon is represented by
temperature, we can plot the
temperature or use the Dante
Solution “Carbon All” to get the
carbon profile

Insert a “Carbon All” from the Dante
Solutions dropdown

In the Details of “Carbon All”, change
the Scoping Method to Path. Change
the Path to the path to be plotted; in
this case the path name is “Case-
Core Path”

Right click on the Carbon All solution
object under Solution in the Project
Tree and select Evaluate All Results
to plot the Carbon profile

Step 14b: Plotting the Carbon Profile

@ Carbon Al @ v
Details of "User Defined Result * D OX NOTE: The Temperature
2 [Scope o and Carbon All variables
Scoping Method Path should have the same
L Co:c-Core Path @ hd values, the differences
Geometry All Bodies . |
B rr—— are due to numerica
Type User Defined Result anomalies
Expression = SVAR2Z
Input Unit System Metric (mm, kg, N, s, mV, mA)
B: Carburization Model B: Carburization Model
Carbon All Temperature
Expression: SYAR2 Type: Terperature
Time: 28800 Unit: *C
6/7/2020 6:44 PM Time: 28800
6/7/2020 6:43 PM
0.0078782 Max 1 2 [1 2
E 0.0072251 . 0.0079977 Max
0.006572 0.0073313
— 0.0059188 —{ 0.0066649
—{ 0.0052657 — 0.0059985
0.0046126 0.005332
—{ 0.00395%4 ] 0.0046656
—{ 0.0033063 —{ 0.0039992
h 0.0026531 0.0033328
0.002 Min ﬂ 0.0026664
0.002 Min

©




dante Step 14c: Plotting the Carbon Profile
o

1. Shown is the results of the path (A)

0.008 Max

0.0073333

plot. A) Elements used in the path

0.006
(.0033333

plot are shown in the contour plot.

0,004
0.0033333

B) The value at each point in the o

path are plotted in a line graph. C)

The points used in the line graph,
distance from point 1 in the path

and the corresponding Carbon O e e () F Yol e

value, is given in tabular form

. / 763
2. The values in Tabular Data, the data

used to generate the line graph, can ... (B)

be exported to an external file.

Right click in the empty box, above

“1” and to the left of “Length
(mm)”. Select Export o —

PGeometry 4 Print Preview 4 Report Preview,

E}

0.

0.53115 5.9234e-003
063738 5.3866e-003
0.74361 4.5301e-003
0.84985 4.2927e-003
0.95608 3.7601e-003
1.0623 3.3019e-003
1.1685 29058e-003
1.2748 C J593e-003
1381 6128e-003
14872 24662e-003
1.5935 2.3196e-003
16997 2.1839e-003
1.3059 20971e-003
18122 2.0859e-003

0, 1. 2. 3. 4 5.0991

MR e R [E 22 [E 2] [~ o [w | & |w |
BlS|e|w || |G| =Wk F 2

'
3. The file can be saved in any N —

. 1 Copy Cell File name: | ( 3 ) j Save
directory as a .txt (text) or .xls ? s S T = ;'m |
(Excel) f||e g: glcc&!a?sg};ds}

7 |
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That concludes the Carburization Model

Save the Project and close Ansys Mechanical

The Thermal Model can now be built
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Quench Hardening Thermal Model
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dante’ Heating & Transfer Process Descriptions

Heating Transfer
* The ringis heated in a furnace: » After carburization, the furnace is
e Timein furnace: 1800 s opened, and the ring is transferred
from the furnace to the oil quench

* Furnace temperature: 900 °C
tank

* Thermal boundary conditions: .
* Air transfer process:

* Heat transfer coefficient (HTC) as a

function of temperature and * Transfer duration: 10's

ambient temperature are used to * Ambient temperature: 400 °C
define the thermal boundary e HTCis a function of
conditions temperature and is part

* The heat transfer coefficient is part surface temperature
surface temperature dependent, and dependent. The HTC is plotted

it is defined in the figure below Heating below Trancier

1.20E-04 2.00E-04
1.10E-04
1.80E-04
1.00E-04

9.00E-05 1.60E-04

8.00E-05 1.40E-04

7.00E-05

HTC, W/{mmn2*C)
HTC, W/(mm"2*C)

1.20E-04
6.00E-05

5.00E-05 1.00E-04
20 160 300 440 580 720 860 1000 20 160 300 440 580 720 860 1000

Temperature, C Temperature, C
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dante’ Oil Quench & Air Cool Process Descriptions

Qil Quench

* During oil quench, three typical phases exist
between the liquid and solid interface: vapor
blanket, nucleate boiling, and convective cooling.
The three phases are shown in the heat transfer
coefficient plot in terms of part surface
temperature.

* Qil quench process:
 Timein oil tank: 300 s
* Ambient temperature: 65 °C

* Heat transfer coefficient is in terms of
the part surface temperature, as shown

beIOW Oil Quench
5.00E-03
__ 4.30E-03
b
o 3.60E-03
£ 290603
S 220603
& 1.50E-03
T
8.00E-04
1.00E-04
20 160 300 440 580
Temperature, C
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720

860

1000

Air Cool

After oil quench, the part is taken out of
the oil tank, and cooled in open air to
room temperature

Air cool process:
* Time duration: 3600 s
* Ambient temperature: 20 °C

e Heat transfer coefficient shown below

Air Cool
2.00E-04

1.80E-04
1.60E-04

1.40E-04

HTC, W/{mm”"2*C)

1.20E-04

1.00E-04
20 160 300 440 580 720 860 1000

Temperature, C




dante’ Deep Freeze & Temper Process Descriptions

Deep Freeze

* Deep Freezing is done to make sure there is no retained Austenite during quenching
* Deep Freeze process:

* Time duration: 7200 s

 Ambient temperature: -30 °C

* Heat transfer coefficient is 0.00005 W/mm~2 °C

Temper

* Tempering is usually a post-quenching or post hardening treatment. It is done to
relieve internal stresses, decrease brittleness, improve ductility and toughness

* Temper process:
* Time duration: 7200 s
 Ambient temperature: 150 °C
* Heat transfer coefficient is 0.00005 W/mm#2 °C
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dante Step 1: Thermal Model Setup, Add Analysis System to Project
Schematic

Toolbox .« “BEM Project Schematic
1' Drag and drop a |E| Analysis Systems -
Transient Thermal 4 Desin dsssiment . R . g . ¢
AnalySIS SyStem Into {l Modal 2 |& Engineering Data + 2 @ Model v 2 | & Engineering Data v
. . fili Random Vibration 3 |[§ Geometry v ‘/‘3 @ Setup v . 3| @ Geometry ? .,
the PrOJeCt SChematIC g ?:ast[ijcogts:ju:ftier;tlrum 4 @ Model v . 4 Solution v . 4 @ Model 7,
: U aY ¥ steady-State Thermal sliced Ring Model 5 @ Results v 4 5 @ Setup 7.
2. Rename it as “Oil vy i o —> & soton
Bzl Transient Structural /:\ 7 @ Results E=l
QuenCh Thermal [E® TransientThermal 1 )} :
N_ il QUench Thermal Model
| 0il QUench Th | Model
M Od e I” | YL N a N a Y a Tt a) f=taa]

2
3. Drag and drop Model

from Sliced Ring Model B B e s S vt e

to the Oil QuenCh 2 & Engineering Data 2 @ Model v ., 2 | & Engineering Data

3 [§ Geometry v ., 3 | @ Setup v ., 3| @ Geometry ? .

Thermal MOdEI 4|@ Model ~ 7 ‘/‘4 Solution v . Transfer A4 |
sliced Ring Madel 5 @ Results v o4 Setup F .

4. Double click Model in Corburizaton Mode | @ souton 7.
7 @ Results .

the Oil Quench
Thermal Model to
open Ansys Mechanical

0il QUench Thermal Maodel

- B - C

| ! '1:, Transeen Thermal

2 & Engineering Data v 2§ Model v 2§ Mmodel u &,
3 g Geometry v . 3 @ setup v 3 @ setup ? .
4@ Model v, 4§ Solution v 4 |G Solution 7,
sliced Ring Model 5 @ Results v ., 5 |@ Results 7,

Carburization Model 0il QUench Thermal Model
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dante’ Step 2: Define DANTE Model & Initial Temperature

1. With Mechanical open, click on Dante Model in the Dante
toolbar and select Thermal

2. Selecting Thermal opens the buttons needed to complete the
Thermal Model. The buttons to the left of the single bar are for
pre-processing (setting up the model) and the buttons to the
right of the single bar are used for post-processing (viewing the
results). The Question Mark (?) is a link to the Dante Help File

3. Select Initial Temperature under Transient Thermal in the
Project Tree. In the Details of “Initial Temperature”, change the
Initial Temperature Value to 20.0 °C

¥

Material

Carburization

Nitriding
Thermal

Stress

©

Project
= Model (C2)
----- Jfﬁ Geometry
----- -+ Coordinate Systems
----- o [:]_ Remote Points
----- Connections

....... {% Mesh

----- # Named Selections

E| ----- ?- Transient Thermal (EB@

e T r——

) N Analysis Settings
=--lea Solution (C4)
----- ;{Il Solution Information

Details of "Initial Temperature”

|| Definition
Initial Temperature Uniform Temperature
Initial Temperature Yalue | 20, *C

Home Environment Display Selection Automation Dante @
@ ® @ i« M o~ =
cdante

1 A A I | I ~0

Dante Material Model Output Finalize Model C/N
Model~ ' Control Frequency Settings Profile

®

Dante
Results~

CN

% 4 O

Export Thermal Help
History
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darnte Step 3: Define Units

—

. oy . . P ug'm D Tags &1
It is critical that the units be properly defined = ... =
.*ﬁ%;?é% @ Show Errors &f

1. Click on Units in the Home toolbar

. Select Metric (mm, kg, N, s, mV, mA) Unit Systems

N Metric (m, kg, N, s, V, A)

2
3. Select Degrees 1
4

Metric (cm, g, dyne, s, V, A)
. Select rad/s (This isn’t critical as there is no (] Metric mm, kg, N, 5, mV, ma)
motion defined in the heat treatment models) Metric (mm, t, N, 5, mV, mA)

Metric (mm, dat, N, s, mV, mA)

5. Select Celsius (For Metric Systems)
Metric (um, kg, pN, 5, V, mA)

U.S. Customary (ft, Ibm, Ibf, °F, 5, V, A)

NOTE: It is absolutely critical that these units are U.S. Customary (in, Ibm, Ibf, °F, s, V, A)
selected. If different units are selected, the model Angle
may run, but the results will be WRONG. [v] Degrees

Radians

For Example: If grams are chosen, the thermal
diffusivity will be very high, and heating/cooling ]

Rotational Velocity

| rad/s
will occur far too quickly. If tonne is chosen, the e
thermal diffusivity will be very low, and :
emperature

heating/cooling will occur far too slowly. [7

| Celsius (For Metric Systems)

Kelvin (For Metric Systems)
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dante’ Step 4: Defined Processing Steps

1. Click on Analysis Settings in the Project Tree Fiter nome <
. “ . . ” 2P ® el gl
2. Inthe Details of “Analysis Settings”, change the Number of Steps to 7 & project
----- @ Model (C2)
o . . ) = S cenery
3. Beginning with Current Step Number 7, enter the information from the table belowinto | * Y e ysers
. R . 31 Named Selections
the Step Controls in the Details of “Analysis Steps”.Also enter the rest of the steps from 5 8] Tegmsent Thermal (€3
. . »1=2 Initial Temperature
below table. It is necessary to work backwards with the step numbers because Ansys @ i
populates the Step End Time in 1 second increments for each step. Ansys will then reject L B
. . . . .
the entry for the Step End Time if it does not progress chronologically Details of "Analysis Seftings” 7
. . . . . =l| Step Controls (2)
4. Change the Nonlinear Formulation to Full under Nonlinear Controls in the Details of [Number Of Steps 7~~~
. . . . . . . . . LIrren (= umiber . 3
“Analysis Settings”. This is required to call the DANTE subroutines. If this step is skipped, R T —
the results will be incorrect, or the model may fail to run I'g“:? Time Stepoing :f" ]'
2ETINE Oy me
. . . Carry Cwer Time Step OFf |
5. If the thermal model fails to converge during solving, the problem can usually be traced e e
back to the latent heat released during phase transformations. If this occurs, change the Minimum fime Steo =
. . . . . aximum lime 2p -
Heat Convergence under Nonlinear Controls in Details of “Analysis Settings” to On and Time Integration on
o = Solver Controls
Change the TOIerance to SA) Solver Type Program Contraoll...
+|| Radiosity Controls
O Current Step| Step End | Auto Time Carry Over | Initial Time | Minimum | Maximum Time = [::’;'E::;j':::': “on > ]
3] Number Time Stepping | Define By [ Time Step Step Time Step | Time Step [ Integration Value 5 Calculated by sol...
7 27310 On Time Off 1.00E-02 | 1.00E-05 1000 On 5.5 |
6 20110 On Time Off 1.00E-02 | 1.00E-05 300 On ;”"”‘"“t'"‘ Rf-:f erence ;-“‘“5 ‘*"-; —
EMperature onvergence rogram oncroll..
5 12910 On Tlme Off 1.00E'02 100E'05 300 On Line Search Progrmntroll...
4 5710 On Time Off 1.00E-02 1.00E-05 1000 On [Monlinear Farmulation [ Full \\4/) |
3 2110 On Time Off 1.00E-02 | 1.00E-05 100 On | Quiput Controls
+| | Analysis Data Management
2 1810 On Time Off 1.00E-02 | 1.00E-05 10 On = Visibaity
1 1800 On Time N/A 1.00E-02 | 1.00E-05 1000 On ]
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dante’

1. Select Material from the Dante
toolbar to add it to Transient Thermal
in the Project Tree

The following Steps apply to modifying
values in the Details of “Material”

2. Click on the yellow box next to
Geometry

3. Select the entire part body;
performing Step 2 above activates
the body selection. Therefore, just
simply click on the part to select the
entire body

Select Apply for Geometry

5. Change Material Name to S86XX for
the AISI 8600 series steel

6. Change the Carbon and Carbon in
Carbide (wt ) to 0.002 to indicate AlSI
8620

Copyright © 2019 DANTE Solutions. All rights reserved.

Step 5: Assign Material

~ 7 & @

Dante Material
Model~

Material

! Material

%@ Geometry
# -5 Materials
v+« Coordinate Systems
@ {8 Connections
<D Mesh
@ &89 Named Selections
=2 Transient Thermal (C3
-0 Initial Temperature
/1] Analysis Settings
> #
=% Solution (C4)

&2 {5 Solution Information

Details of "Material” ~ 0 Ox
- Geometry
Scoping Method Geometry Selection
Geometry
- Definition @
Material Mame S100X
Density 7.8E-06 kg/mm®
Type Thermal

Carbon and Carbon in Carbide (Wt. frac) | 0.002

Carbon in Carbide (Wt. frac) 0.0

Carbide Size Factor 0.5
Mitrogen (Wt. frac) 0.0

Mat. Initial Phase Tabular Data
Initial TMart. Temper Condition (C) 250.0

Tabular Data

Chemical Composition

Details of "Material”
- Geometry
Scoping Method

=k

Geometry Selection

Geometry 1 Body @
— | Definition
Material Name S86XX @ j
Density 7.8E-06 kg/mm®
Type Thermal
Carbon and Carbon in Carbide [Wt. frac) | 0.002 @
Carbon in Carbide [Wt. frac) 0.0
Carbide Size Factor 0.5
Nitrogen [Wt. frac) 0.0
Mat. Initial Phase Tabular Data
Initial TMart. Temper Condition [C) 250.0

Chemical Composition Tabular Data

NOTE: Initial microstructure and
chemical composition adjustments can
be made to the selected material along
with the other parameters, which are all
left to their default values here
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dante’

The following Steps apply to modifying
values in the Details of “Material”

1. The Type should be set to Thermal.
This tells the user subroutine which
mathematical models to use and
reveals the Mat. Initial Phase option

2. Click Tabular Data for Mat. Initial
Phase to enter the initial phases of
the material

3. Click Apply when finished (Default
values of 30% Ferrite & 70% Pearlite
are fine for this exercise)

Step 6: Define Initial Phase

Details of "Material”
- Geometry
Scoping Method
Geometry
-1 Definition
Material Name
Density
Type
Carbon and Carbon in Carbide [Wt. fracd)
Carbon in Carbide (Wt. frac)
Carbide Size Factor
Nitrogen [Wt. frac)
Mat. Initial Phase
Initial TMart, Temper Condition (C)
Chemical Composition

v 3Ox

Geometry Selection
1 Body

SBEXX

7.8E-06 kg/mm?
Thermal

0.002

0.0

0.5

0.0

Tabular Data
250.0

Tabular Efata

~

e

Mat. Initial Phase Apply Cancel
Initial TMart. Temper Condition tC] 250.0

Chemical Composition Tabular Data

Carbon and Carbon in Carbide (Wt. frac) | 0.002 Mat. Initial Phase ‘/

Carbon in Carbide (Wt. frag) 0.0

Carbide Size Factor 0.5

Nitrogen (Wt. frag) 0.0 Pearlite | Upper Bainite Lower Bainite Martensite Tempered Martensite
0.7 0.0 0.0 0.0 0.0

Copyright © 2019 DANTE Solutions. All rights reserved.
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Step 7: Define Control File

The Control File allows the user to set DANTE control keywords for the project such as the phase transformation kinetics
mode, max temperature and max phase transformation changes per increment, etc.

1. Select Model Control in the Dante toolbar to add it to Transient Thermal in the Project

Tree

2. Inthe Details of “Control File”, review the Kinetics-Mode Table by clicking on Tabular
Data, leave the Phase Transformation Kinetics Mode at -4.0 (this indicates rate-based
austenitization kinetics; see the help file for an explanation of this value). Step 6
should be set to (-10) to activate the tempering kinetics, leave all other control
keyword parameters to default

Details of "Model Control’

- Definition
Kinetics Mode Options: [Select Below)
Default Phase-Transform Kinetics-Mode

Kinetics-Mode Table

~3Ox

(#): Austenitizing | Tempering | Vol. Change by Carburizing/Nitriding
(-4): Rate Dependent | Inactive | Inactive

Apply | Cancel

-| Keyword control

Max. Temp. 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 default
Hardness Unit default
Model Under Development default
Latent Heat due to Melting/Solidification default
Carbide Decomposition default
Carbon Separation default
Material Directory default

Copyright © 2019 DANTE Solutions. All rights reserved.

0.000

Kinetics-Mode Table n
tep Time Phase-Transform Kinetics-Mode
1 1800 default |
2 1810 default LI
3 2110 default |
4 5710 default x|
5 12910 ' default |
& 20110 @ I (-10): Equilibrium | Active | Inactive -
7 27310 default E

Model™

Name

H Project*

- E-EEE

(i I @

Dante Material

-

B (& Model (C2)

; /T8 Geometry
- /A% Materials
-1 Coordinate Systems
-/l Connections
- %8 Mesh

-~ ™8 Named Selections

[ Transient Thermal (C3)

)

»~T=0 Initial Temperature

J] Analysis Settings

& Material

&

) || §1odel Control
=% Solution (C4)
-5 solution Information

i

Model Output F
Control Frequency

Model Control

]
Model
I I Control
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dante’ Step 8: Define Output Frequency

1. Select Output Frequency from the Dante toolbar to add it to
Transient Thermal in the Project Tree. The Output Frequency
is used to define the frequency of writing simulation results
to the results file

2. In Details of “Output Frequency”, click on Tabular Data to
review the contents of the Frequency Table entries. For a
thermal model, the default frequency values should be set to
2

3. Click Apply when done

Copyright © 2019 DANTE Solutions. All rights reserved.

= I 1

= 2 3w [
= =2 1

Dante Material Model Output Finalize Mod

Model ™ Control Frequency Settings

Output Frequency

Qutput
Frequency

Name v .

T Project*

= (& Model (C2)

0 Geometry

- /5 Materials

- Coordinate Systems

- /&) Connections

/%8 Mesh

- %) Named Selections

[ Transient Thermal (C3)
- #T=0 Initial Temperature
- ,Ji] Analysis Settings
- & Material
4| ] Model Control
Y
=& Solution (C4)

-2 {5] Solution Information

A

- &

JDetails of "Output Frequency’

- | Definition
Frequency Table Apply |

Step Output Frequency
1 2
2 2
3 2
4 2
5 2
6 2
7 2
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Step 9: Defined Thermal Boundary Conditions

Convection coefficients are used to define the thermal boundary conditions in the Thermal Model.

1. Add 7 Convections from the Environment toolbar to Transient Thermal in the Project Tree

2. Rename the Convections as Heating, Transfer, Quench, Air Cool, Deep Freeze, Temper and Air Cool 2 as shown. Having a
name associated with them helps when defining their properties in the next steps

Copyright © 2019 DANTE Solutions. All rights reserved.

Environment
X g 0
Duplicate Q,  Solve = Analysis
Qutline Solvery

Mame v

2 % Named Selections
=-<[M Transient Thermal (C3)
- #T=0 Initial Temperature
-4 J11] Analysis Settings
- s W Material
~7||| Model Control
- sfe Output Frequency
24" Heating
- 4" Transfer
-2 %" Quench
- %" Air Cool
--o%" Deep Freeze
- 4" Temper
e @

=% Solution (C4)

#--~%) Solution Information

Display

Selection Automation Dante

E Commands Images ™
L1 Comment

il Chart
Insert

Bsection Plane
E}#«nnotation

M Temperature Gﬂ Kg c‘:'?
4 Convection R =
Heat Conditions | Write |
/N Radiation | ! Bt
Thermal

Convection

“

Insert a Convection load to cause convective
heat transfer through one or more flat or
curved faces in contact with a fluid.

() Press F1 for help.




dante’ Step 10: Define Thermal Boundary Conditions

It is helpful to perform the following steps in the same order for

each Convection definition. Steps 1-4 are performed within options =) scope | @
located in the Details section. Start with Heating and perform the Named Seleton e 5o g Vi @
following steps on this page and the next page for each Convection e —
definition_ Film Coefficient gﬂ;‘-"-'rgn'[lgt:; Ls::];lji:;plied] @
Convection Matrix Program Controlled
1. Change the Scoping Method to Named Selection Suppressed No
2. Choose the Named Selection for which the Convection is to be
applied; in this case the name is Outer_Surf for all Convection e
definitions. The surfaces for the Named Selection are then M oo s
highlighted in yellow. Ci— e
3. Change the Ambient Temperature to the desired value. For F—— o
Heating, (see the table on slide no.60) the temperature is 900 °C @

4. Expand the Film Coefficient option and choose Tabular

To apply the BC only to the active step, Step #1 in this case, the TStosTTme ][ Convecton Cosficient W/ ) [V Temperste ']
other steps must be deactivated. In Tabular Data, highlight the i -

steps to be deactivated by clicking on the step number. Right [ e

click and choose Activate/Deactivate At This Step! o @
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dante’ Step 10b: Defined Thermal Boundary Conditions

Details of "Heating" n
- Scope
Continuing with the Heating definition ... e s
1. Expand Independent Variable in Details for I Comvecion
“Heating” and select Temperature. This allows for T Artent emperature [300.° nem spled
the heat transfer coefficient to be defined as a e R
function of temperature - Fautr i e
2. Expand Coefficient Type in Details for “Heating” @ -
and select Surface Temperature. This means that Temperature
the temperature the HTC is a function of is the — -
surface temperature of the part Scoping vithod[ramed siaion
3. The HTC vs. Temperature values can be entered e [ -
into the table in Tabular Data from table given in @ .
the following slide EL’Z:?SELZZ”“:"

Independent Variable Temperature
=|| Graph Controls

* The following page contains tables for all the o
necessary values for each Convection definition

Temperature [*C] |[¥ Convection Coefficient [W/mm>."C] |

20. 5.e-005
1004, 1.2e-004 @

| * [
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Step 10c: Define Thermal Boundary Conditions

dante’

Copyright © 2019 DANTE Solutions. All rights reserved.

Convection Name Active |Ambient For Deep Freeze and Temper, the Film Coefficient will be a constant 5.00E-05
Step# | Temp
Heating 1 900
Transfer 2 400 Quench HTC vs. Temp
Quench 3 65 Temperature HTC
Air Cool 4 20 20 1.00E-04
Deep Freeze 5 -30 150 5.00E-04
Temper 6 150
Cool Down 7 20 300 1-20E-03
400 2.00E-03
Heating HTC vs. Temp 450 3.75E-03
Temperature HTC 500 5.00E-03
20 5.00E-05
1000 1.20E-04 230 >00E-03
600 4.75E-03
Transfer HTC vs. Temp 650 3.00E-03
Temperature HTC 700 2.00E-03
20 1.00E-04
1000 2.00E-04 750 1.50E-03
800 1.30E-03
Air Cool and Air Cool 2 HTC vs. Temp 1000 1.30E-03
Temperature HTC
20 1.00E-04
1000 2.00E-04



dante’ Step 11: Adding the Carbon Profile

File Home Erwironment Display Selaction Automation Dante 1

. Select C/N Profile to add the carbon profile that was saved in the
- II 1
“ ¥ 2 @ HER NS carburization model

Dante Material Model Output Finalize Model C/N

Heser ool Freaueney - settings - glofie 2. Up to 2 carbon profiles may be specified, set Number of Carburization Steps
W C/N Profile to 1

Name v - C/N
B Project” CN seie | 3. In the Carburization file, navigate to the project directory’s dante files

£ {5 Model (C2)

| Outline

/@ Geoner directory and select the carbon profile, here saved as sliced_ring_cc.cbn,
H-- % Materials
:Lj Coordinate Systems C||Ck Apply
(E Connections h b
/@D Mesh _ S —
--‘f@ N::ned Seleclion Carburization/Nitriding Activation Table % 4. Setthe carbon
=2 [# Transient Thermal (C3) prOfiIe tO be
- s7=0 Initial Temperature
_—i Analysis Settings Step Time Carburization (O=Inactive) | Nitriding (0=Inactive) | ramped into
- %' Heating 1 1800 0 :I 0 :I
<y 4 Transfer ' the model at
A8 Quench 2 810 (4) 1 % 0 ~|
/4% Air Cool ~ '
:‘f Deep Freeze 3 210 0 M | 0 ;l Step 2 by
- %" Temper 4 T 0 LI ’ LI Se|eCtIn 11’
. /4 Air Cool 2 | '
: & Material 5 12910 0 ll 0 ll g
(“E‘E T;of;!tc'gntrol 6 20110 0 ll 0 LI Under the
v u requency
o ST ! i ’ - - - Carburization
=& Solution (C4)
-5} Solution Information .
= Details of "C/N Profile" v 1 OX column in the
touo| |7 Definiton Carburization/
Details of "C/N Profile” v 1 0Ox Mumber of Carburization steps 1 . . ne
-1 Definition Carburization file @ C:\Users\stefa\Desktop\Dante5_0_Tutorials\Dan... Nltrld'“g
Number of Carburization steps 0 ( : } Number of Nitriding Steps 0 A 1 1
itr ctivation
Number of Nitriding Steps 0 Carburization/Nitriding Activation Table Apply Cancel
Carburization/Nitriding Activation Table Tabular Data ; , - T bl
Same mesh between C/N and T/S models |yes Same mesh between C/N and T/S models | Yes able
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dante’

Step 12: Running the Thermal Model

1. Select Finalize Model Settings from the
Dante toolbar to add it to Transient
Thermal in the Project Tree

2. It should be green check on Transient
Thermal in the Project tree to make sure
that what we did for Post-Processing is

correct

NOTE: Be sure to save the model at this point

before Solving

3. Right-click the Solution object and select
Solve to run the model, when complete
save the project and begin post-processing

ot

Insert
) El St

£ Solve

)

(]

©

B Copy Solve

Rena
nement Loops

'Solution (C4)" - 4 Clear
Mesh Refinems

Start the solution process
using the current solve
process settings.

ent Depth 5 Grou _
jon & Open (1) Press F1 for help.
bwurren r

Copyright © 2019 DANTE Solutions. All rights reserved.

“ F @ @

Dante Material
Model~

Name d

T Project
= (&) Model (C2)
- Geometry
-1 Materials
v+« Coordinate Systems
-+{%] Connections
-0 Mesh
- % Named Selections
Transient Thermal (C3)
- #T=0 Initial Temperature
- 4] Analysis Settings
/% Heating
%" Transfer
-~ 7% Quench
%" Air Cool
- 4% Deep Freeze
%" Temper
%" Air Cool 2
- ¢ 4 Material
||| Model Control
- sl Output Frequency
- EN C/N Profile
=& Solution (C4)
#-- {5 Solution Information

A

Hs N

Model Output Finalize Model C/N
Control Frequency  Settings Profile

Finalize Model Settings

Finalize
« Model
Settings
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Step 13: Post-Processing Thermal History

There are 2 methods for supplying the thermal history of
the component to the Stress Model:

1. Link the Thermal Model Solution to the Stress Model
Setup in ANSYS Workbench (Shown below). This is
part of the Stress Model Pre-Processing and is
explained in the appropriate section. This is the
preferred method

2. Use the DANTE ACT to generate a temperature
history file that is then imported to the Stress Model
(See next slide for this method)

A hd B hd C - D

b
1 1 &,Transmtﬂ»ermal 1 I],Trans‘mtmermal 1
2 | @ EngineeringData v 2 @ Model v 4 2 | @ Model v 4 z@mdl v 4
3 || Geometry 3@51:4:. v 4 3@5emp v ¥ setup &,
4 @ Model 4 Solution v 4 4 G solution €5 solution '
Sliced RingModel 5@Rhs v 4 5@Resuhs 5 |@ Resuts 7
I

Carburization Model Qil QUench Thermal Model Qil Quench Stress Maodel
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dante’ Step 13b: Thermal Model Post-Processing, Thermal History File

NOTE: If the Thermal Model Solution is to be linked to the
Stress Model Setup in Workbench during the Stress Model Pre-
processing steps, this step should be skipped

1. Click the Export Thermal History button in the Dante toolbar, and].

the Export Thermal History is added to the Solution

Under the Details of “Export Thermal History”, change the file
name to “sliced_ring_temp_history” for the Save File As

Right click Export Thermal History, and select “Evaluate All
Results” to write the thermal history results to the file. This
writes out the temperature at each node, at each saved substep.
The file is then saved in Project directory (the directory in which
you saved your current Project.) with a folder name as
“dante_files” as a .tem file.(See next Slide)

NOTE: We will need to find this file later, so knowing what directory it is in is

important. For larger models, writing out the thermal history file may take
several hours
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4t @

Export Thermal Help
History

Export
Thermal
History

Export Thermal History |5

§

oy
@ Mesh
+ g Named Selections
=[M Transient Thermal
~/T-0 Initial Temperatu '@
[ Analysis Settings o
%' Heating
% Transfer I
/% Quench
/% Air Cool
% Deep Freeze
% Temper
% Air Cool 2
~ # Material
/1| Mode! Control
/M Output Frequenc X
~CN C/N Profile
,/ Finalize Thermal ¢
=& Solution (ca) )
-5 Solution Inf )

O
=]

g
o

Insert

Evaluate All Results

G

Suppress
Duplicate Without H
Rename Based on D

Duplicate

Evaluate All Results

[’ f_f Evaluate all

7/ results,

Press F1 for help.

Copy

Cut

Delete
Rename

Group

T

¥ Clear Generated Data

Group Similar Objects

Details of "Export Thermal History'
- Geometry
Scoping Method All Bodies
- Definition
m sliced_ring_temp_history @
Result Set Selection Default (Last Result Set)
By Time
Display Time Last

2 I=




dante’ Step 13c: Thermal History File Directory

Saved file in Project directory (the directory in which you saved your
current Project) with a folder name as “dante_files” as a .tem file

> This PC » Desktop > Dante5 0 Tutorials » Dante5_0 Gas Carb_Oil_Quench_Tutorial This PC > Desktop > Danteb_0_Tutorials » Danteb_0_Gas_Carb_Oil_Quench_Tutorial > sliced_ring_files

5 A o
S Name MName

sliced_ring_files.backup »_dante_files
sliced_ring_files
5

A sliced_ring.wbpj

session_files

user_files

» This PC » Desktop * Dante5_0_Tutorials » Dante5_0_Gas_Carb_Oil_Quénch_Tutorial *» sliced_ring_files > dante_files

Project
Directory -

Mame

| sliced_ring_cc.cbn

@ ring_temp_history.te
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dante’

1. Expand the Thermal tab in the Solution toolbar and select Temperature

2. Right click on Temperature under Solution in the Project Tree and select Evaluate All
Results

3. The temperature contour at the last substep (end of the simulation) is shown. A
table is also shown in Tabular Data with the time, minimum temperature, and

maximum temperature at every saved substep

Solution (C4) &

Insert
Copy

Clear Generated Data

Insert a Temperature result object 0.000
: S e
Mesh Refine - to determine the temperature on
[ Rename F2 Coordinate Systems B Error S 4.000
__] Group All Similar Children ® volume | 7.2487 1 Tabular Data
ent Depth 1 } 20.722 1 Time [s] [v Minimum [*C] |[v Maximum [*C] ||¢ Average [*C]
- N . s 1 1 =
ion = Open Solver Files Directory ce & = (1) Press F1 for help. 1.6161e-002 20. 20.765 20.134
- p y P User Defined Result 35.296 1 L P A 0803c.002 | 20. 137 20304
- T ; = u 0.26258 20.186 23.719 21.405
— Worksheet: Result Summary E’ Commands 50.659 1 1.2606 22.832 28.929 25318
L Elapsed Tim .., — 66.969 1F 7.2487 44.144 51.463 47.249
20722 91,909 99,483 95,128
Memory Used | 88. MB @ Dante Result taph 35.296 141.66 149.38 144,94
_________

Thermal

Contact Tool

Probe

Temperature

Directional He

9
@ Total Heat Fluy
3
7

©

Step 14: Thermal Model Post-Processing Temperature

Temperature
Unit: *C

Time: 27310
20 Max

20 Min

Temperature

C: Oil QUench Thermal Model

Type: Temperature

6/8/2020 8:32 AM

©
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dantee Step 14b: Thermal Model Post-Processing, Temperature

@ @ Time [s] [[* Minimum [*C] [[+ Maximum [°C] |
Utl . th T b | D t t . Time [s] ||F Minimum [FC] ||F Maximum [*C] 16 |57.4 217.83 225.79
zin e lapbular bata, IT IS 17 |6532 242,66 250,63
: g - ’ 16 |574 1783 225.79 b 24256 206
possible to examine the LI i =L 19 (82250 20337 301.32
. 18 |73.789 268.43 2764 > EEIE.
£ o e .
temperature profile at any saved 19 |82.259 20337 301.32 e e ET¥H
1 2 403.49
substep throughout the entire 2 EEEE 2 Creste Results ine
_ 21 |100.54 344.42 352.27 2 Export e
analysis: 22 |1105 370,67 378.44 7 Selectal 48167
77 17 45 m:l ANz ﬂg ZrTIOTay ey 506.83

1. Click on the substep number to

be examined (in this case o T
Temperatur
substep 20) Topt Tarperature
Unit: °C
2. Right click in the blue el
highlighted area and select 327.28 Max
. . 326.4
Retrieve This Result 325,52
324,65
3. The temperature contour at o
1 1 1 1 322,01
this time is then displayed e
320.25
. 319.37 Min
Note: Results may differ from
those shown due to step size
calculation differences. @
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G;nteo Step 14c: Thermal Model Post-Processing, Temperature

Hint: At this stage it is a good idea to check that the temperatures at the end of
each step makes sense; i.e., ¥900 °C at 1800 s, ~65 °C at 2110 s ,~20 °C at
5710s, ~-30°Cat 12910, ~150 °C at 20110 s and ~20 °C at 27310 s.

If the temperatures are not approximately the ambient temperature set for
that step, the most likely cause is in the HTC definition.

The Deactivation of steps not using a particular HTC is critical. If this is
neglected, Ansys will use an average value for the HTC and the ambient
temperature.

For example: the temperature at the end of heating (1800 s) should be 900 °C,

but it is only 346 °C. That means no steps were deactivated and the ambient
temperature used by Ansys was (900+400+65+20-30+150+20) / 7 = 217.8
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dante’

It is also possible to examine temperature versus time at
a particular node. First, however, a Named Selection for |

the node must be created.

1. Right click on Named Selections in the Project Tree,
select Insert, and then select Named Selection

2. Rename the Named Selection for easy identification
(Node_Selection in this case)

Step 15: Temperature History Plot

[«

-

Filter: Na

e

Named Selections
hd 1071872017 D28 Abd
el 8l

el (C2)
eometr

o

g V|3

M

&

«

ometry

i BREP 1(Sliced Ring Model)
b /B Commant ds (APDL)
ordinate Systems
Mesh

et ] -© [T
ET . |
V=P Initial
/2y Analy -} Repair Overlapping Named Selections
B Heati

m

G
w
Ci

.

<
y

.ﬁl Trans % Import Selections from CDE file

U Quen

ﬁl Air cd Generate Named Selections
¥ Deep ¥ Delete

/F Temp
o B A o b Rename (F2)
-----,/-t"Mater — -
el Contr (] Group All Slml!irwchl\dran

¢ Output Frequency

B Finalize Thermal Setting
S8 Solution (C4)

-,/ ¥] Solution Information
oo AR Temperature

3. Choose the Node Selection Mode

4. Select the desired node on the component

Select Apply for Geometry in the Details of

“Node_Selection”
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El ----- fﬁjNamEdSElecﬁDns

i o A8 Outer_Surf(Sliced pamgKodel)
o [ (2
2o - L PN

", Mode~ ZT [ 1 [ @v@

o

Details of "Mode_Selection”

-l| Scope

Scoping Method Geometry Selection

A aeey (5 ) |
=1| Definition \_/

Send to Solver Yes

Visible Yes

Program Controlled Inflation | Exclude
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Add another Temperature from the Solution toolbar to the
Solution and rename it for easy recognition later (Node Selection
Temperature for this case)

In the Details of “Node Selection Temperature”, expand the
Scoping Method and select Named Selection

In the Details of “Node Selection Temperature”, expand the
Named Selection and select Node Selection

Right Click on Node Selection Temperature under Solution in the
Project Tree and select Evaluate All Results

A line plot is generated in the Graph selection, along with all the
data points in the Tabular Data section. Like the carbon profile,
the Tabular Data can be exported to a text file or Excel file
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Step 15b: Temperature History

= Solution (C4)
----- Solution Information
- o4 Export Thermal History

o M Temperature

. I1iode_selection_Temperature

Details of "Mode_Selection_Temperature” n
-| Scope

Scoping Method Geometry Selection / N\ " |

Geometry Geometry Selection

- MNamed Selection

|| Definition Path

Type Surface

s 3
Details of "Mode_Selection_Temperature” o

-l Scope
Scoping Method Mamed Selection

MNamed Selection MNode_Selection

©

<

Definition

= i Cuter_Surf(Sliced Ring Model
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Type P

=
({ Export Thermal History
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Br] Evaluate All Results
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EX Duplicate

®

»

uuuuu

nnnnnnnnn

zzzzzz

uuuuuuuuuuuuuuu

111111
11111
111111
zzzzz

33333
33333
999999
aaaaa
555555

555555
55555
55555
33333
55555
555555
ﬁﬁﬁﬁﬁ
555555
11111
777777
77777
77777
77777

69



dante Step 16: Thermal Model Post-Processing, Dante Results

1. Select Dante Result from the Dante toolbar to add a
Dante Result to the Solution in the Project Tree

2. Available solution results in a thermal model ranges
from volume fractions of microstructural phase
constituents to hardness value and temperature

3. Select Martensite Volume Fraction as an example to
create a Martensite Volume Fraction solution object
in the solution tree, right click to evaluate |-, ™ Martensite Volume Fraction

4. The Martensite contour plot is then shown

NOTE: Since a tempering stage was
added with tempering kinetics, the
amount of martensite at the end of
simulation is low with around 4%
volume content near the surface,
evaluate a Tempered Martensite
object to visualize the difference

along with the other phase fractions.
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C: Oil QUench Thermal Model
Martensite Valurme Fraction
Expression: SWYARS6
Tirme: 27310
6/8/2020 9:34 AM

. 0.038332 Max

0.034073

— 0.029814

— 0.025555

0.021297

] 0.017038

— 0.012779
00085202

I 0.0042614
2.596e-6 Min

©

222002008200200002000020

N ® -

O (

Export
Hi

Austenite Volume Fraction

Ferrite Volume Fraction

Pearlite Volume Fraction

Upper Bainite Volume Fraction

Lower Bainite Volume Fraction

Martensite Volume Fraction

Tempered Martensite Volume Fraction

Total Hardness

Carbon Weight Fraction in Austenite

Carbon Weight Fraction in Ferrite

Carbon Weight Fraction in Pearlite

Carbon Weight Fraction in Upper Bainite
Carbon Weight Fraction in Lower Bainite
Carbon Weight Fraction in Martensite

Carbon Weight Fraction in Tempered Martensite
Defined Carbon Weight Fraction

Defined Carbon Weight Fraction in Carbide A
Defined Carbide A Size Factor

Defined Nitrogen Weight Fraction

Defined Nitrogen Weight Fraction in Nitride A

Defined Nitride A Size Factor

Temperature




dante Step 16b: Thermal Model Post-Processing, Dante Results

. vf"'l' AUTOUT T TELET L
- /88 Solution (C4)
-1 4] Selution Information

------- 0 Temperature
------- vﬁ Mode_Selection_Temperature
....... : Thermal History

....... ,xﬁ Carbon

------- Austenite
------- Martensite

------- M Hardness

Multiple Dante Results can be added
to the Solution in the Project Tree and
then renamed to make examining the

Dante Results less time consuming

That concludes the Thermal Model
Save the Project and close Ansys Mechanical

The Stress Model can now be built
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Quench Hardening Stress Model
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danter  Otep 1: Stress Model Setup, Add Analysis System to Project
Schematic

‘ B Analysis Systems

1. Drag and drop a Static Structural from | & sesem

3 Eigenvalue Buckling 7 A hd B - B - D
i i i @ seanc ' ' ' '
Analysis Systems into the Project B comor gy B . . B e
H H IIO'I {8 HarmonicResponse 3 M) Geometry v 4 3 @ setp v 4 3 @ Geometry ? .,
Schematic and Rename it as “Oi 8 oo ey T o3
V24 @ Modal Sliced RingModel 5 Results v 4 5 Setup T .
QuenCh Stress MOdeI [ily Random vibration -rn 0il QUench Thermal Model 5 Solution =
iy ResponseSpectum 7 @ Results £ .

[z Rigid Dynamics

2. Drag and drop the Model from Sliced |E==== @ +—

WY Steady-State Thermal
Y Thermal-Electric

ring model to the model of Oil D Torosy Ot

[ Transient Structural

Quench Stress Model |8 v e

3. Drag and drop the Solution from Oil

0il Quench Stress Model

Quench Thermal Model to the Setup 1 N oo I i A 5 oo

. 2 @ Engineering Data 4 2 ﬁ Mode! 4 2 @ 2 ﬁ Mode! a

of Oil Quench Stress Model e VA = /e R

- - - sl TVl Ym0 o T T

4. Double click Setup in the Oil Quench SicedRingodel 5| @ resis 7 5 @ Reaite S @D rets

Qil Quench Stress Model

Stress Model tO open Ansys Carburization Model 0il Quench Thermal Maodel

Mechanical
- A
.;-;-':3- : il le 1 E .
i i 2 @ Model MUdEI 2 @
i 3 @ Setup 3 @. Setup 3 @. ‘
< Solution 4 hE Solution 4 a 5 1
Sliced RingModel 5 Results 5 |@ Results 5 @ Results F o4
Carburization Model 0il Quench Thermal Model 0il Quench Stress Model
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dante’ Step 2: Define DANTE Model & Initial Temperature

I@@IIIMCN‘:‘.G. ® 4+ O

Material Ca i Model OQutput Finalize Model C/N Import Thermal Dante Export Nodes t1 il Help
t Control Frequency Settings Profile History Results = Stress t

Carburization

‘ Nitriding

QQ @wa % C-4+ QA @ @ Select & Mode~ T

Thermal Y -
Stress @
ISR S S L= R RS
Project
- g Model (D2)
I ----- AR Geometry
----- “‘g Coordinate Systems
........ Mesh
: I ----- vy Named Selections
1. Expand Dante Model in the Dante toolbar and select Stress | - T erctueal (03)
. . o A Anal Setti
2. The highlighted buttons are used to set up and post-process e et Lo )
----- /- Solution (D4)
the Dante stress model 73] settion Informaton
Click on Static Structural in the Project Tree Details of "Static Structural (03" -
4. In the Details of “Static Structural”, change Environment = Deniion .
ysics Type ructura
Temperature tO 20 OC Analysis Type Static Structural
Solver Target Mechanical APDL
-|| Options
Ml Environment Temperature EINS
Generate Input Only Mo
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dante’ StEp 3: Define

It is critical that the units be properly defined.

1.

Click on Units in the Home toolbar
Select Metric (mm, kg, N, s, mV, mA)
Select Degrees

Select rad/s (This isn’t critical as there is no
motion defined in the heat treatment models)

Select Celsius (For Metric Systems)

NOTE: It is absolutely critical that these units are
selected. If different units are selected, the model
may run, but the results will be WRONG.
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n D Tags

S O wizard
Keyframe
Anl}:natjon EIShOW Efrors mf

Unit Systems

Metric (m, kg, N, s, V, A)

Metric (cm, g, dyne, s, V, A)

Metric (mm, kg, N, 5, mV, mA)

Metric (mm, t, N, s, mV, mA)

Metric (mm, dat, N, s, mV, mA)

Metric (um, kg, pN, 5, V, mA)

U.S. Customary (ft, Ibm, Ibf, °F, 5, V, A)
U.S. Customary (in, Ibm, Ibf, °F, 5, V, A)
Angle

Degrees

Radians

Rotational Velocity

rad/s

RPM

Temperature

Celsius (For Metric Systems)

Kelvin (For Metric Systems)
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Step 4: Define Processing Steps

1. Click on Analysis Settings in the Project Tree

2.

3. Beginning with Current Step Number 7, enter the information from the table

In the Details of “Analysis Settings”, change the Number of Steps to 7

into the Step Controls in Details of “Analysis Steps”. It is necessary to work
backwards with the step numbers because Ansys populates the Step End
Time in 1 second increments for each step. Ansys will then reject the entry
for Step End Time if it does not progress chronologically. The Number of
Steps and Step End Time for each step must be the same as the Thermal

‘=] Project

- (&) Model (D2)
----- A Geometry

----- /% Coordinate Systems

....... ‘(% Mesh

----- [F1 MNamed Selections

B[] Static Structural (D3)
~ A (1)

----- » =] Imported Load (C4)
= Solution (D4)

-
F

ﬂ Solution Information

Details of "Analysis Settings”

-|| 5tep Controls

Mumber Of Steps 7.

N
)~

Model. @
Current . Carry . . . .
Step End [Auto Time . . Initial |[Minimum|Maximum
Step Time Stepping Define By |Over Time Time Step|Time Step|Time Step
Number Step
7 27310 On Time Off 1.00E-02 | 1.00E-05 1000
6 20110 On Time Off 1.00E-02 | 1.00E-05 300
5 12910 On Time Off 1.00E-02 | 1.00E-05 300
4 5710 On Time Off 1.00E-02 | 1.00E-05 1000
3 2110 On Time Off 1.00E-02 | 1.00E-05 100
2 1810 On Time Off 1.00E-02 | 1.00E-05 10
1 1800 On Time N/A 1.00E-02 | 1.00E-05 1000

Current Step Mumber

(3

Step End Time

27310 s

Auto Time Stepping

on

Define By

Time

Carry Over Time Step

Off

Initial Time Step

1.e002s

Minimum Time Step

1.e0055

Maximum Time Step

1000. s

-|| Solver Controls

Solver Type

Weak Springs

Solver Pivot Checking
Large Deflection
Inertia Relief

Restart Controls
Monlinear Controls

Program Controlled
Off
Program Controlled
Off
Off

+|| Rotordynamics Controls

m
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1. Select Material from the Dante
toolbar to add it to Static Structural
in the Project Tree

The following Steps apply to modifying
values in the Details of “Material”

2. Clicking the yellow Geometry box
with the Scoping Method set to
Geometry Selection, simply click on
the part to select the entire body

3. Select Apply for Geometry

4. Change Material Name to S86XX for
the AISI 8600 series steel

5. Change the Carbon and Carbon in
Carbide (Wt. frac) to 0.002 to
indicate AISI 8620

©
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Step 5: Assign Material

~F & @ |

Dante
r-‘OdEl v

Nam

D Prox

E
(+
&
(+
&

&

)

JAaterial Mo

Material

! Matenal

v

@ Geometry

5 Materials

v

o *

[ Construction Geometry
»s Coordinate Systems

/%) Connections
@ Mesh

?

R Named Selections
Static Structural (D3)
1] Analysis Settings
1 ¥
= {5 Imported Load (C4)
P} Imported Body Temperaturg
=& Solution (D4)
#{%) Solution Information

Details of "Matenal”

-/ Geometry
Scoping Method
Geometry

v 00X

Geometry Selection

©

Geometry

Scoping Method

Geometry Selection

Apply Cancel

Details of "Material"
- Geometry
Scoping Method

Geometry Selection

Geometry 1 Body
= Definition
Density 7.8E-06 kg/mm®
Type Stress
Carbon and Carbon in Carbide (Wt. frac) | 0.002 @
Carbon in Carbide (Wt. frac) 0.0
Carbide Size Factor 0.5
Nitrogen (Wt. frac) 0.0
Mat. Initial Phase Tabular Data

Element Keyopt(2)
Initial TMart. Temper Condition (C)

Chemical Composition

Uniform reduced integration
250.0
Tabular Data
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Step 6: Define Initial Phase

The following Steps apply to modifying

values in the Details of “Materia

|II
.

1. The Type should be set to Stress. This
tells the user subroutine which

mathematical models to use

2. Click Tabular Data for Mat. Initial
Phase to enter the initial phases of

the material

3. Click Apply when finished (Default
values of 30% Ferrite & 70% Pearlite

are fine for this exercise)

Details of “Matenal”

- Geometry
Scoping Method Geometry Selection
Geometry 1 Body
=| Definition
Density 7.8E-06 kg/mm°*
Type Stress @
Carbon and Carbon in Carbide (Wt. frac) | 0.002
Carbon in Carbide (Wt. frad 0.0
Carbide Size Factor 0.5
Nitrogen (Wt. fracd) 0.0
Mat. Initial Phase Tabular Data
Element Keyopt(2) Uniform reduced inj#gration
Initial TMart. Temper Condition [C) 250.0

Chemical Composition Tabular D

Carbon and Carbon in Carbide (Wt. frac) | 0.002 Mat. Initial Phase ‘/

Carbon in Carbide (Wt. frag) 0.0

Carbide Size Factor 0.5

Nitrogen [Wt. frag) 0.0 Ferrite Pearlite | Upper Bainite | Lower Bainite Martensite Tempered Martensite
Apply Cancel 0.3 0.7 | 0.0 | 0.0 0.0 0.0

Initial TMart. Temper Condition tC] 250.0

Chemical Composition Tabular Data
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1. In the Dante toolbar, select
the Model Control object to
insert it into the Model Tree

2. Click on Tabular Data next to
the Kinetics-Mode Table
(which should be yellow) to
review it and set the
tempering kinetics (-10) at
step 6 and click Apply to finish
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Step 7: Define Control File

~—7 @ @ [l &

Model Output

Dante
Model~

Material

MName v =
= & Model (D2)

- -

08

T8 Geometry

- /% Materials

-~ /0 Construction Geometry
gy

- 1% Connections
-8 Mesh

- 1% Named Selections

[

-

Control Frequency

F

Model Control

Control

I i
Model
il

2 Coordinate Systems

Static Structural (D3)
- H1] Analysis Settings
- & Material
11
-, Imported Load (C4)
~-+Pj Imported Body Temperature
(@) Solution (D4)
%) solution Information

©

Kinetics-Mode Table

Phase-Transform Kinetics-Mode
default

default

default

default

default

(-10): Equilibrium | Active | Inactive

default

Details of "Model Control’

- Definition
Kinetics Mode Options: [Select Below)
Default Phase-Transform Kinetics-Mode
Kinetics-Mode Table

-| Keyword control
Max, Temp. 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
Stress Effect on Phase Transformation
Hardness Unit
Model Under Development
Stress Relax
Carbide Decompaosition
Carbon Separation
Material Directory

Y=

(#): Austenitizing | Tempering | Vol. Cha

(-4): Rate Dependent | Inactive | Inactive

Tabular Data

default
default
default
default
default
default
default
default
default
default
default
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dante’ Step 8: Define Output Frequency

1. Select Output Frequency from the Dante toolbar to add it to
Transient Thermal in the Project Tree. The Output Frequency
is used to define the frequency of writing simulation results
to the results file

2. In Details of “Output Frequency”, review the contents of the
Frequency Table entries by clicking on Tabular Data next to
Frequency Table. For a stress model, the default frequency
values should be set to 10

3. Click Apply when done

Copyright © 2019 DANTE Solutions. All rights reserved.

— 7 @ % [ W

Dante Material Model Output Finalize Model
Model~ Control Frequency Settings

Output Frequency

Name v & Output
@ Geometry Frequency
-5 Materials
[+ ,,f[__‘, Construction Geometry
#- K Coordinate Systems
%) Connections

@ Mesh
& Named Selections
[=-2.. Static Structural (D3)
1] Analysis Settings
~ % Material

‘,”i Model Control
M OutputFrequency

5 Imported Load (C4)

B§ Imported Body Temperature
(%) Solution (D4)

#f%5) Solution Information

(1]

(1]

IDetails of "Output Frequency' 4
- Definition
Apply ] Cancel
Step Output Frequency
1 f 10
2 ’ 10
3 10
4 10
5 10
6 10
7 10

80



dante Step 9: Map In The Carbon Profile

1. Click on the C/N Profile to insert it into the model tree

2. In the Details of “C/N Profile”, set the Number of
Carburization steps to 1 and for Carburization file,

navigate to the sliced_ring_cc.cbn carbon profile in the [Toacer cnrene g
dante_files directory in the project directory S|Definition @
- Number of Carburization steps 1
3. Then in the Carburization/Nitriding Activation Table, carounzation fie c\Usersistera Deskiop\Dantes. 0. Tutorialsiban..
. . Number of Nitriding Steps 0
set the value under Carburization to “1” for step 2 to Apply Cancel |

Same mesh between C/N and T/5 models | Yes

activate the carbon profile at that step

-,f&) Connections

%@ Mesh

- % Named Selections

~9l. Static Structural (D3)
(-I:m Analysis Settings
- P Material
(”i Model Control
(-.'-\, Cutput Freguency
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Carburization/Nitriding Activation Table H
. 1 Ei ﬁ i H .M_ CN — @ Step . Time | Carburization (0=Inactive) |  Nitriding (0=Inactive)
A 2 il =0 1 1800 0 | 0 Bl
nte Material Model Output Finalize Model C/N  Import Ther
el ~ Control Frequency  Settings Profile History 2 1810 I 1 3 0 :J
3 2110 0 hd 0 hd
4 5710 0 hd 0 hd
e § v CN ™ 5 12910 0 > 0 >
&9 Geometry Profile 6 20110 0 LI 0 LI
@, {8 Materials
- D Construction Geometry 7 27310 0 hd 0 hd
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If the link between the

Step 10: Import Thermal History

Thermal model solution to the

Stress model setup was made, the Imported Load object
should have been added to the model tree automatically.

1. If thisis the case, select the Imported Body
Temperature under Imported Load and be sure that
the Source Time is set to All instead of Worksheet,
otherwise, the thermal history will not be mapped

into the stress mod

el

2. Right-click on the Import Body Temperature and

select Import Load

to load the temperature profile

NOTE: This
method of

=5 Imported Load (C4)
P} Imported Body Temperature
=--~{&) Solution (D4)

BB calitine Tofarmatian

Details of “Imported Body Temperature' * 00
importing the | s
Scoping Method Geometry Selection
thermal history | ceonety 1Body
- Definition

Type

is recommended

By

Tabular Loading

:

- Graphics Controls

Imported Body Temperature
Program Controlled

Suppressed No
Source Bodies Automatic
Tolerance 1.% o

Worksheet
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NOTE: The Stress Model is
“driven” by the thermal
history predicted in the
Thermal Model.

=& Solution (D4)

BB, ©ol ke Tefnern=ban

etails of "Imported Body Temperature’

H | Scope
Scoping Method Geometry Selection
Geometry 1 Body

- Definition
Type Imported Body Temperature
Tabular Loading Program Controlled
Suppressed No
Source Bodies Automatic
Tolerance 1.%
Source Time Worksheet

- Settings
Mapping Control Program Controlled
Mapping Profile Preserving
Weighting Shape Function
Transfer Type Volumetric

- Rigid Transformation
Mesh Alignment Use Origin and Euler Angles
Qrigin X 0. mm

e

= ,5 Imported Load (C4)
o8 '} Impor ted B4
=% Solution (D4)
=

Cnbisbime Tk

Insert

£ Import Load
"Imported Body Temperat

@ Suppress
Method

Geometr [[1 Duplicate

1 Bod
[V d & Clear Generate
n

Importe¢ X Delete
Loading Program T, Rename
sed No

Group

Automat

v 10

w@

Import Load
£ £ Importtheload

7 data based on the

object's settings.
(1) PressF1 for help.

Cti<G T

Imported Body Temperature
Time: 1.6161e-002 s

Unit: °C

6/8/2020 11:06 AM

"

20.765 Max
20.68
20,595
20.51
20425
20.34 r
20.255
2017
20.085
20 Min




dante’ Step 10b: Import Thermal History Alternative

NOTE: This is an alternative way to
import the thermal history and should
not be used if the previous method was
used to import the thermal history

1. Click on the Import Thermal History
button in the Dante toolbar to insert it
into the Model Tree

2. In the details of Import Thermal History,
navigate to the sliced_ring.tem file in the
dante files folder in the project directory

Details of "Import Thermal History"
~! Definition
TempHistory file

©
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7 @ @ Jliiv @ v 5 &

aterial Model Output Finalize Model C/N Import Thermal Dante
Control Frequency Settings Profile History Results™

* & 0O Import Thermal History |

-—1 Import
Thermal
"0 History

@ Geometry
™) Materials
« Construction Geometry
¢ Coordinate Systems
Connections
9 Mesh
% Named Selections
Static Structural (D3)

-, 11] Analysis Settings
- Material
- ||| Model Control
- /¢ Output Frequency
- €N C/N Profile

—

Sae I Import Thermal History

6/8/2020 11:22 AM
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The geometry simplifications are built around two assumptions:
1. The thin slice is representative of ANY thin slice taken from the ring in the circumferential direction (cyclic symmetry)

2. The top half of the ring, in the y-direction, acts like the bottom half (symmetric about xz-plane)

To model the cyclic symmetry, Frictionless Supports will be used on the surfaces which would be internal to the ring

1. Expand Supports in the Environment toolbar and select Frictionless Support

2. Select the face shown in green, rotate the part 180°, hold the Ctrl button on the keyboard, and select the opposite face

3. Click Apply for Geometry in the Details of “Frictionless Support”

Step 11: Define Mechanical Boundary Conditions

©

(1) Press F1 for help.
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@ @ Fied (‘:'? [
XYY @ Frictionless -
Supports o Conditions Write Input E>
PPOTS @ pisplacement P Nast
Structural Tools
5 | =+| Frictionless

- Insert a Frictionless Face support to prevent
C one or more flat or curved faces from moving
or deforming in the normal direction.

©

N
Z/Lx

D: Oil Quench Stress Model

Frictionless Support
Time: 27310 5
10/18/2017 11:18 AM

. Frictionless Support

0.000

4,500

Details of "Frictionless Support”

Scoping Method Geometry Selection

©
| Cance |

Scoping Method | Geometry Selection

=I| Definition

Frictionless Support

Suppressed Mo
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To model the symmetry about the xz-plane, Displacement will be used on the
surface lying on the xz-plane which would be internal to the ring.

1. Expand Supports in the Environment toolbar and select Displacement

2. Select the face shown in green; note the coordinate system in the lower left of

the figure

Click Apply for Geometry in the Details of “Displacement”

4. Symmetry about the xz-plane means the surface selected has no displacement in
the y-direction; surfaces above this surface move in the positive y-direction and
surfaces below this surface, if they were modeled, move in the negative y-
direction. Therefore, change the Y Component in the Details of “Displacement”

to zero (0)

Step 12: Define Mechanical Boundary Conditions

Details of "Displacement”

Conditions Direct
Lﬁ Displacement ) EE -

Structural

Write Input
File...
Tools

Displacement

(L) Press F1 for help.
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Insert a Displacement boundary condition to displace
(relative to its original location) a flat or curved face, edge, or
vertex by one or more components of a displacement vector.

©

7.000 {rmm)

-| Scope
Scoping Method Geometry Selection
m Apply | Cancel
-|| Definition
Type Displacement
Define By Components
Coordinate System | Global Coordinate System
¥ Component Free
¥ Component Free
Z Component Free
rnrace s Il
:
—=l| Scope
Scoping Method Geometry Selection
Geometry 1 Face
= Drefinition
Type Displacement
Define By Components
Coordinate System | Global Coordinate System
¥ Component Free
0 (a) ]
£ Component Free
Suppressed [ L]
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1. Select the Finalize Model Settings in the Dante
toolbar to insert it into the Model Tree

2. This performs a series of checks on the stress
model and if all pass, then a green check mark
should appear next to the Finalize Stress
Setting object in the Model Tree

3. Right-click on the Solution and select Solve to
run the model

NOTE: When the solution is complete, save the
Project and move on to the next page to begin
post-processing of the Stress Model

Insert »
Solve

'Solution (D4)'

Mesh Refinemer 4 Clear Gen{ Solve

(P
|
(s I [iﬂ Eizﬂ ”| WV .\" CN
Dante Material Model Qutput Finalize Model C/N Impg
Model™ Control Frequency  Settings Profile
Finalize Model Settings II
MName - Finalize
3 . Model
- =2 Coordinate Systems J )
v | ! Settings

a

Step 13: Running the Stress Model

-+[%) Connections

%D Mesh

- %) Named Selections
Static Structural (D3)

- /1] Analysis Settings

- ¢ Frictionless Support

- 4 Displacement

- ¢ 4 Material

||| Model Control

- s¢ Output Frequency
- #CN C/N Profile

@ JFinaize Stress Setting

$
S 4
nement Loops I
-
]
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Rename Start the solution process
ent Depth using the current solve
jon Group All process settings.

Open Soly

() Press F1 for help.

o

=

A
T
e

Imported Load (C4)

P} Imported Body Temperature

Solution (D4)

{5 Solution Information
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dante’

1. To view the stress results, either
select stress from the Solution tab or

right-click on Solution, hover over
Insert, Stress, and select Normal

In the Details of “Normal Stress”,
expand the Orientation tab to select
the direction of interest. For this
example lets choose X Axis, which is
the radial stress

Right click on Normal Stress in the
Project Tree and select Evaluate All
Results

Step 14: Stress Model Post-Processing, Stress Results

Details of "Mormal Stress”

Type Mormal Stress

By

Display Time ¥ A

Z Axis

—|| Scope
Scoping Method Geometry Selection
Geometry All Bodies

-I| Definition

Coordinate System
Calculate Time History |Yes
Identifier

Suppressed MNa

Global Coordinate System

Copyright © 2019 DANTE Solutions. All rights reserved.

Bl
vi‘ Solution Insert L4 Deformation b
Solution (D4)' @ Clear Generated Data Strain »
e Mesh Refinement I Rename F2 Stress > @@ Equivalent fvon-Mises)
inement Loops _|1- 5 Group All Similar Children Energy * | Maximum Principal
ent Depth 2 < o c olver Files Direct Linearized Stress » @ Middle Principal 000
tion - PEn >0IVer riles Lhrectory
Stress Tool » ®@  Minimum Principal 500
Dol % worksheet: Result Summary _
DL Elapsed Time |3 m TUS Fatigue » | Maximum Shear
Memory Used 89, MB Contadt Tool . &2 Intensity
Result File Size | 152.5 MB ® Normal
- Bolt Tool B
c:::n;es Its Mo P ﬁj shear
i u robe b Normal
and Stress/Strain | No & Vector Prin ]
Coordinate Systems  » Insert a Normal Stress object to
_ %3  Error plot a component of normal
® Volume O stresses in a given direction.
® @ Membrane
User Defined Result
| Bending S{ (7 press 1 for help.
E. Commands e
__
m Insert »
hal Stress’
£3  Evaluate All Results
od Geomet @ SUPPIess| Eyaluate All Results
i f 7
All Bodii
Ll Duplicatq % Evaluate all
Rename | results.
Normal
X Axis L Duplicatd
= (1) Press F1 for help.
Time B Copy 2 P
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dante’

1. The contour plot at the final time, along with a table
displaying each saved substep with the
corresponding time, maximum value, and minimum
value is displayed in the Tabular Data

2. The Normal Stress result can then be renamed Radial
Stress and two more Normal stress results can be
added to the Solution in the Project Tree, renamed
Axial Stress (choose Y Axis Orientation) and Hoop
Stress (choose Z Axis Orientation), and then choose
Evaluate All Results after right clicking on Axial Stress
under Solution in the Project Tree

3. The contour for the Axial Stress

4. The contour for the Hoop Stress

Copyright © 2019 DANTE Solutions. All rights reserved.

6/8/20201:19PM

234.48 Max
156.67
78.857
1.0456
-76.766
-154.58
-232.39
-310.2
-386.01
-465.82 Min

®

Step 14b: Stress Model Post-Processing, Stress Results

e
=/ Solution (D4)

- Solution Information

------- M Radial Stress
- M Axial Stress @
- «ﬁ Hoop Stress

6/8/2020 1:20 PM

362.81 Max
267.89
172.98
78.065
-16.849
-111.76
-206.68
-301.59
-396.51
-491.42 Min

O
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Step 14c: Stress

dante’

1. A stress profile over a given path
can also be viewed and exported
to an external file as described
in an earlier section of this
tutorial; Post-Processing
Carburization Model: Plot
Carbon Profile

2. Stress versus time for a given
node can also be viewed and
exported to an external file as
described in an earlier section of
this tutorial;, Post-Processing
Thermal Model: Temperature
History Plot

Copyright © 2019 DANTE Solutions. All rights reserved.

Model Post-Processing, Stress Results

Graph R Tabular Data I
Animation | W || 10 [ Q 10 Frames + 2 Sec(Auto) - *ﬁ Q 3 Cycles Length [mm]||7 Value [MPa]
1 |0. 16294
2195 > 2 |8.2224e-002 | -0.33722
3 |0.16445 094411
200. 4 |0.24667 -1.5853
5 |03289 -5.6915
6 |041112 -9.9599
160, 7 |049335 -14.404
8 |0.57557 -18.493
9 |0.65779 -18.301
- 120, 10 |0.74002 -18.062
£ 11 [0.82224 -17.148
£ 12 0.90447 -16.076
80, 13 | 0.98669 -14.225
14 |1.0689 -11.376
15 [1.1511 -3.0674
40, 16 |1.2334 10.203
17 |1.3156 27.837
18 |1.3978 46.763
0. 19 |1.48 66.008
15495 20 |1.5623 85.509
0 0.5 1.5 2. 25 3 35 39468 21 |1.6445 105.18
22 |1.7267 12481
[mm] 23 |1.8089 14447
-
Tabular Data I
Animation = W | 1] [0 (;) 10 Frames - 2Sec(Auto) - ‘*IE Q 3 Cycles Time [s] ||7 Minimum[MPa]‘|7|".-Iaxwmum[|".1Pa]
1 (2002 36843002 3.6843-002
irs S0 1 |575e-002 36351e-002 3.6351e-002
3 |o1mss  45234e002 4.52342-002
4 [033172  66389e-002 6.6389¢-002
5 075887 9.509e-002 9.509e-002
250. 6 (172 011396 0.113%6
7 |3ssm o1 01284
20, @ [s7479 014956 0.14956
9 [19695 019251 019251
10 %6592 021812 0.21812
T 1 |54 02601 0.26201
& 12 |4767  028%06 0.28906
= 13 62946 033328 033328
100. 14 |72569 035797 0.35797
15 [e3576 038342 038342
16 93040 040287 040287
30. 17 10605 042622 0.42622
J\ 18 [117.8  paser 0.44347
o i 19 1326 04633 046323
20 (14582 047671 047671
1 (16396 049088 0.49088
2 [17957 049953 0.49953
G4146 23 20101 050694 0.50694
0. 1000, 2000, 3000. 4000, 5000, 5710, izlg.tis 0.50098 050098
[s] 25 24476 05104 0.5104

n
3

e —




dante: Step 15: Stress Model Post-Processing, Displacement Results

e III’ECIIDHE IE 0rma||0n|l!|J I I

1. The same procedure used to look at the Normal s e
. ) .0 al Coordinate S
Stresses can also be used to examine the directional 107372017 2145 P L1 245

0.019978 M
0.017295
0.014612
0.011929

displacements (distortion). The only difference is the
Deformation tab in the Solution toolbar is expanded
and Directional is selected

-0.01572
-0.020257
-0.024794
-0.02933

2. Several Deformations can be added to the solution and ;33_00;;43% o
renamed to make post-processing more efficient _ - a0 o wan g o
E| solution ;D4} . | S 3000
3. The Radial Displacement (X Axis) contour is shown §iﬁiﬁiii§ oo informasen
v.ﬁi Axizl Stress

‘,ﬁ Radial Displacement
vﬁ Axial Displacement

4. The Axial Displacement (Y Axis) contour is shown «fﬂ Hoop Stress

E v o v
/L3 Solutior Insert ’ Deformation » @& Total
- %@ Radial ¢ :
ok Strain » irecti
" @ Axial St & Clear Generated Data | %3 Directional
% Hoop ' .. Rename F2 Stress y Directional
Solution (D4)" Group All Similar Children Eneigy i Insert a Direct.ional Deformation object to
B . . ‘ Linearized Stress > provide the displacements on nodes in a
P Mesh Refinement &' Open Solver Files Directory U particular direction defined by the user.
nement Loops 1. | = Stress Tool »
EY  Worksheet: Result Summary
bl = Fatigue ’ () Press F1 for help.
lion
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dante: Step 15b: Post-Process Stress Model, Displacement Results

D: Oil Quench Stress Model
MNodal Deformation in ¥ Direction
Type: Directional Deformation(y Axis)
Unit: mim
Global Coordinate System O
Tirme: 5710
0.019403 Max
I 0.019403 Min
n.000 5.000 L10.000 {mim)
. . . 2,500 7.500 I
* Displacement versus time for a given | cormmrmmms
d I b H d d d Graph 1 Tabular Data
n O e Ca n a SO e VI ewe a n expo rte Animation > m|mm (;) 10 Frames + 2 Sec(Auto) - ‘*é Q 3 Cycles Time [s] ||7 Minirmum [mm] ||7 Maximum [mm] |l
. . . 1 |2.e-002  4.3149e-006 4.3149e-006
to an external file as described in an T2 Isrsetn 1msetns  1stmsetns
3 |014188  4.5062e-005 4.5062e-005
H H H H 4 1033172 1.1963e-004 1.1963e-004
earlier section of this tutorial slorss smeoo  2smmenn
6 |172 7.1677e-004 7.1677e-004
7 |3.8824 1.6516e-003 1.6516e-003
7.5e-2 8 87479 3.7436e-003 3.7436e-003
9 [19.685 8.4124e-003 8.4124e-003
10 |26.592 1.1337e-002 1.1337e-002
11 |39.524 1.6745e-002 1.6745e-002
E 12 |47.67 2.0114e-002 2.0114e-002
E  5e2 13 (62946  2.6284e-002 2,6284e-002
14 |72.569 3.0089e-002 3.0089e-002
15 |83.576 3.4343e-002 3.4343e-002
16 |93.049 3.7909e-002 3.7909e-002
17 |106.05 4.2644-002 4.2644e-002
2502 16 [11724  4.6596e-002 4.6506e-002
19 |1326 5.1809e-002 5.1809e-002
20 |145.82 5.6072e-002 5.6072e-002
21 |163.96 6.1621e-002 6.1621e-002
22 |179.57 6.6124e-002 6.6124e-002
-3.2353e-3 23 |201.01 7.1853e-002 7.1853e-002
a. 1000, 2000, 3000, 4000, 5000, 5710, T 21945 7.5422e-002 7.5422e-002
Is] 25 |244.76 8.2155e-002 8.2155e-002
e e ———— e e—
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dante Step 16: Stress Model Post-Processing, Dante Results

1. Viewing the Dante Results in the Stress Model is identical to
viewing the Dante Results in the Thermal Model, as
explained earlier in this tutorial

2. The results list is the same except that Effective Plastic Strain
can be accessed. By inserting a Dante result object (generally
called a User Defined Result)

Copyright © 2019 DANTE Solutions. All rights reserved.

L
@
@
@
&
@
L7
@
&
@
&
@
L7
@
&
@
@
@
L7
@
L7
@
@

Export Nodes
Stress

Austenite Volume Fraction

Ferrite Volume Fraction

Pearlite Volume Fraction @
Upper Bainite Volume Fraction

Lower Bainite Volume Fraction

Martensite Volume Fraction

Tempered Martensite Volume Fraction

Total Hardness

Carbon Weight Fraction in Austenite

Carbon Weight Fraction in Ferrite

Carbon Weight Fraction in Pearlite

Carbon Weight Fraction in Upper Bainite
Carbon Weight Fraction in Lower Bainite
Carbon Weight Fraction in Martensite
Carbon Weight Fraction in Tempered Martensite
Defined Carbon Weight Fraction

Defined Carbon Weight Fraction in Carbide A
Defined Carbide A Size Factor

Defined Nitrogen Weight Fraction

Defined Nitrogen Weight Fraction in Nitride A
Defined Nitride A Size Factor

Temperature

Effective Plastic Strain

@ ﬁo K
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1. Path plots can be generated by setting the scoping method of any result object to Path and selecting a Path

2. Inthis case, the previously created Case-Core Path can be redefined to visualize a Dante result such as the

hardness distribution

- Scope

Scoping Method

Path (1)

Case-Core Path
Geometry All Bodies
L Definiti
Type User Defined Result
Expression = S\VAR2Z

Input Unit System

Metric (mm, kg, N, s, mV, mA)
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Step 17b: Dante Results Path Plot

dante’

1. The hardness profile in Rockwell C for the path is tabulated and graphed in Ansys as well

2. By right-clicking on the top left corner of the tabular data table, the data can be exported as a .txt or .xls file format

©

Tabular Data Tabla't .
Length (mm] [ value | | o<

1 |0. 62,344

2 | 8.2224e-002 62.216

3 | 0.16445 62.088 Export the tabular data to either a text (.txt) or Excel {xls) file,

4 | 0.24667 61.828 T _ You will b asked to specify a filename and select the file type.

5 [0.3289 £1.513 :

I 041112 61.114 0.

7 |0.49335 60.592 T

E 0.57557 60.046 50 i N
0.65779 59,295 37.5 x"“x_x

10 | 0.74002 58.544 55, .,

11 |0.82224 57.443 52.5 \

12 | 0.90447 56.262 50. N o

13 | 0.98669 54.417 e '__‘“—*—q.___,__‘___&__‘_

14 | 1.0689 51.958 i ———— . . .

15 | 1.1511 49.925 0. 05 1. 1.5 2, 25 3.5 3.9468

16 |1.2334 49.58 [mm]

L.ogymght- 010 DANTE SolUtions. AN rights reserved.
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dante’ Step 18: Dante Results History Plot

1. Define a nodal Named Selection as described in Post-Processing Thermal Model:
Temperature History Plot. This time choose 3 nodes, hold ctrl on the keyboard to
make multiple selections, and name the Named Selection “3 Nodes”

2. In a Dante result object, set the Scoping Method to Named Selections and select
the 3 Nodes selection

3. Evaluating this result will produce the time evolution of the amount of Martensite
at the 3 points

; ﬁ’ Martensite Volume Fraction

Details of "Martensite Volume Fraction'’

- Scope
Scoping Method Named Selection
Named Selection 3 Nodes

=/ Definition

Type User Defined Result
Expression = SVARBG

Input Unit System Metric (mm, kg, N, s, mV, mA)
Output Unit

By Time

0.97086 : .
[—

0.75 AN

0.625 "\
0.5 AN
0.375 NN
Y

0.25 %

0.125 \
0. — ¥
0. 4000. 8000. 12000 16000 20000 24000 27310
[s]
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D: Oil Quench Stress Model
Martensite Volume Fraction
Expression: SVARB6

Time: 27310

6/8/2020 3:58 PM

. 0.035773 Max .
0.031799
1 0.027824
1 0.02385
0.019876
] 0.015902
— 0.011928 -
&1 0.0079539
e 0.0039798




ante

1. History data can also be exported in .txt or .xls format for further data analysis and post-processing

Tabular Data

Time [s] |[v Minimum |[v Maximum

Copy Cell | 0.
Retrieve This Result L

Iwal

Create Results 0.
Export {2

L.
Select All

gnl..nln Voo [ Taew

Export
Export the tabular data to either a text (.txt) or Excel (xls) file.
You will be asked to specify a filename and select the file type.
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dante’

1. Another way of extracting data from the model is through the

Step 19: Export Node Stresses

Dante post-processing tool Export Node Stress

2. Adding this object to the solution model tree and evaluating will
save a .dat file with the nodal stress tensor information at the

selected time frame in the dante_files directory

3. Right-click the Solution and Open Solver Files Directory, navigate
back to the project directory and then to the dante_files

® 3

(8]
Export Nodes

Stress @

Export Nodes Stress

Export
Nodes

O Stress

Insert

Clear Generated Data

Rename

Group All Similar Children

Open Solver Files Directory

Worksheet: Re

directory
"

W =)
""‘,'@F y
....‘r.@;
@]

o UELR ;'
vﬁ’-'l -

"‘{'hi“ E E

‘Solution (D4)'

e Mesh Refinement
inement Loops 1.
——— s =

Open Solver Files Directory
I—"

] O

--/%) Export Nodes Stress

Details of "Export Nodes Stress’

= Geometry
Scoping Method All Bodies
- Definition
m Modes_stress
Result Set Selection Default [Last Result Set)
By Time

Display Time Last
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4 Nodes_stress.dat @

| sliced_ring_cc.cbn

| sliced_ring_temp_history.tem
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