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G;nte° Introduction

Background

* This workshop will demonstrate nitriding modeling coupled between ANSYS 2020 R1 (or later) and DANTE
using a simple sliced ring model

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

Objectives
» Setting up heat treatment models

* Using ANSYS ACT for DANTE models

* Post-processing modeling results
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(Geee SwpbySepWorshop

Thin Sliced Ring

1. Model Geometry and Meshing
2. Nitriding Model

3. Nitriding Thermal Model

4. Nitriding Stress Model
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Model Geometry and Meshing
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dante’ Step 1: Start Ansys Workbench

1. Start Workbench

NOTE: This workshop is developed under 2020-R1 but will

work for any version 2020-R1 and later

Software required for this project:
» ANSYS Mechanical Enterprise 2020 R1 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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A Unsaved Project - Workbench

Fle View Tools Units Extensions Help
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AW Project Schematic S

|E| Analysis Systems | &
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29 Harmonic Response
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W Random Vibration
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Bzl Static Structural

ﬂ Steady-State Thermal
) Thermal-Electric
Bz Transient Structural
® Transient Thermal

| B Component Systems
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& Engineering Data

External Data

@ External Model

(@@ Finite Element Modeler

@ Geometry

ﬁ Mechanical APDL

@ Mechanical Model

@ Mesh

|2 Microsoft Office Excel

System Coupling -
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1. Click Extensions > Manage Extensions

2. In Extensions Manager, check the DANTE ACT (Dante6-0_ACT2-8 ans194-and2022r2)

Extensions

Manage Extensions...
Install Extension...
Build Binary Extension...

| View Log File
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It is critical that the units be properly defined

1. Select Units = Unit Systems

2. Toggle cell 8B for Metric (kg,mm,s,°C,mA,N,mV)

Note: If you prefer these units as default, also toggle cell 8C

3. Ensure Metric (kg,mm,s,°C,mA,N,mV) is checked
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l Unit Systems - m] X
A B|C|D A B
1 Unit System © 3w 1 Quantity Name Unit ‘
2 | SI(kg,m,sKANY) © |0 z fie
3 | Metric (kg,m,s,°C,AN,V) Ole 3 Angle radian
4 | Metric (tonne,mm,s, °C,mA,N,mV) GRIG] 4 Chemical Amount mol
5 | U.S.Customary (Ibm,in,s,F,A,bf,V) ©|© 5 Current mA
6 | U.S.Engineering (b,in,s,R,A bf,V) ©© 5 Length mm
7 | Metric (g,cm,s,°C,A,dyne,V) ©le 7 Luminance od
3 Metric (kg,mm,s, °C,mA,N,mV) ( 2 @ | 8 Mass kg
9 | Metric (kg,um,s, C,mA,uN,V) ~ 10 |® 9 Sold Angle s
10 | Metric (decatonne,mm,s,°C,mA N,mV) © | © 10 Temperature C
11 | U.S.Customary (lbm,ft,s,%F,A,Ibf,V) © |0 11 Time s
12 | Consistent CGS ©|© 12
13 Consistent NMM ® | ® 13 Electric Charge mcoulomb
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1. Drag and drop Mechanical Model from the Component
Systems into the Project Schematic

2. Rename it as “Sliced Ring Model”

3. Save the project with a unique name

Copyright © 2023 DANTE Solutions. All rights reserved.

|, Unsaved Project - Warkbench
File View Tools Units Extensions Jobs Help

IIII:! /5 prosee

Emaiysls Systems | A

[ Coupled Field Static
[ Coupled Field Transient
Design Assessment
Eigenvalue Buckling
Electric

Explicit Dynamics

) HarmonicAcoustis
[ HarmonicResponse
il Modal

) Modal Acoustis

i} Random Vibration

fil§ ResponseSpectum
& Rigid Dynamics

[l staticAcoustics

[ Static Structural
Steady-State Thermal
Thermal-Electric

[ Topology Optimization
[l Transient Structural
™ Transient Thermal

Bl Component Systems / ]
B AcP (Post)

B Ace(pre)

& Engineering Data
External Data

@ BSdemal Model

@ Geometry

GRANTA MI

% Material Designer

N Mechanical APDL

D Mechanical Modd ( ] )
@ Mesh —

X Microsoft Office Excel
System Coupling

[ M Curtam Curtame

g

_|‘7 View All / Customize..,

:Ready

Project Schematic

= 4
=

2 & EngneeringData v/
3 @ Geometry ? .
4 @ Model ? .

Sliced Ring Mndel@



Step 5: Import the Geometry

dante’

ﬂ, Nitriding_RingSlice_3D_DANTE6_0a_ACT2_8_ANS201 - Workbench

The sliced ring geometry for this workshop will be imported .

View Tools Units Extensions Jobs Help
H 7 | & Project
from a CAD model created by the instructor il Rl / (1 Poe
m, Reconnect |3 roj )] e xtensi -
@) Import 2 t |2] Refresh Project / Update Project ‘ 2 Reload Extensions 58 ACT Start Page
AR B Il Project Schematic
1. Right click Geometry - Import Geometry - Browse [ pnsiais Symes B
[ Coupled Field Static
. . . . . . (52 Coupled Field Transient W = A
2. Open the Ring_Slice_Nitrided.x_t file provided € DesionAssesmet Y~ veduncavocd
— — — @) Eigenvalue Buckling 2 & EngneeringData v/ =
@) Electric 3 9 Geomety = |
. ExplicitD
3. Double click Model B Fomonchcmete e S T
(¥ HarmonicResponse Sliced RingMod( =2  Duplicate
§§ Modal Transfer Data From New >
&l Modal Acoustics Transfer Data To New »
% open x
= v » ThisPC » Windows (C:) » DANTE * Ansys_Link » Tutorials » Mitriding v | D Search Mitriding
Organize « Mew folder =~ [H 0
" Mame File View Tools Units Extensions Jobs Help
7+ Quick access = -
Mitriding_RingSlice_3D_DAMNTEG_Da_ACT2_8_AMNS5201_files |5 e ) J ) .  am
. DESLCIIDFI lﬁjlrﬂpurt... | Reconnect REfrEsh Project # Update Project | & Reload Extensions gy ACT Start Page
|_-| Ring_SIice_Nitrided.x_t Toolbox Project Schematic
; Downloads @ |E| Analysis Systems
|§| Documents [E coupled Field static
WL > [ coupledField Transient
% Design Assessment
File name: |Ring_Slice_Nitrided.x_t v| All Geometry Files (*.sat;*.sab;*, ~ ) Eigenvalue Buckling
|&) Electric
iy Explicit Dynamics
Cancel ] Harmonic Acoustics
B4 HarmonicResponse Sliced RingModel
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oo~ Context

W Madel Display Selection

A Sliced Ring Model - Mechanical [ANSY?

1. Click Face Selection

I_ECopy QFlnd Distributed
Duplicate Sol
Up_lca  [Bripaste BaTree | Cores 6 o'ue
Outline Solve

ID Scut X Delete | |My Computer - é}; & Named Selection
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Insert

. 3 H T Tags
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ik Coordinate Systems
/&P Mesh

2
3. Right-click and select Create Named Section !
4

. Name the selection Outer_Surface and click OK

ﬂ E b Context A Sliced Ring Model - Mechanical [ANSYS Mechanical Enterprise]

W Model Display Selection Automation Dante
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[ Project*
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T8 Geometry Insert
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Zoom To Selection
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Create Named Selection... (N}
Refresh Materials Create a Named Selection for the selected geometry entities in the
Update Geometry from Source " graphical interface (bodies, faces, etc.). You can specify a name for the
=1 selection and you can specify criteria based on the selected geometry.

OO0 & Bx

(@) Press F1 for help.
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It is critical that the units be properly defined
1. Select Units under Home
» Metric (mm, kg, N, s, mV, mA)

Degrees [ e e

W Model Display Selection Automation

A Sliced Ring Model - Mechanical [AMSYS Mechanical Enterprise]

B copy ‘Q Find Distributed

Celsius (For Metric Systems) =~ 2w fameer coes's o

Outline Solve [

>
> rad/S Ig “&Cut X Delete | My Computer - é}
>

E commands [@Images™
E'Sectiun Plane

ﬂﬂ Q Mamed Selection
.ﬂ 4 Coordinate System
'}, Remote Point

Outline

Mame | Search Qutline -
[:l Project®
= Model (A4)

- T8 Geometry

5 Materials

w5t Coordinate Systems
+p Mesh

Lo 1% Named Selections
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“v 0% @ Q [@w& % &[] @& @ seect & Mode- F

)

Ty Tags Manage Views & Print

°Wizald IE Selection Information m‘? Repo

Worksheet A‘,m',':,; @ Show Errors . Unit Converter EdKey &
Unit Systems I

Metric (m, kg, M, 5, V, &) ~ [Empty] | &3 Extend~ §

Metric (cm, g, dyne, s, V, A)
Metric [mm, kg, M, 5, mV, mA]}
Metric (mm, t, M, 5, mV, m&)
Metric (mm, dat, M, s, mV, m&}
Metric (um, kg, pN, s, V, mA)
U.5. Customary [ft, lbm, Ibf, °F, 5, W, &)

Metric (mm, kg, N, 5, mV, mA)
Set the units to this base system.

.5, Customary (in, lbm, 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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dante’ Step 8: Define Meshing Parameters

1. Select Mesh in the Project Tree Details of "Mesh" >~ 0 O X
-|| Display
2. MOdIfy the Details Of “Mesh” oE- m Display Style Use Geametry Setting

Home Mesh Display = aulij

> PhySiCS PrEference 9 CFD D 2 My Comput @ Physics Preference CFD
B Q, Find DistribL

Solver Preference Fluent
. . - B EE.,Tree: it Cores & :
» Use Automatic Inflation - All Faces in Element Order Linear
. Outline Element 5ize Default (1.071& mm)
Chosen Named Selection e - . Export Format ctandard
Project*
. B F—‘*l Model (A4) Export Preview Surface Mesh | Mo
» Named Selection > Outer_Surface @~ = = /% cemery # Sizing
=i Coordinate Systems .
. . . edE (1) #| Quality
> Inflation Option - Total Thickness - 9 Nepod secirs =) Inflation
Use Automatic Inflation All Faces in Chosen Mamed Selection
> Number Of Layers 9 40 Details of "Mesh" MNamed Selection Outer_Surface
—|| Display . c .
Display Style Use Geometry Setting Inflation Cption Total Thickness
—|| Defaults ) ; s :,
> GrOWth Rate 9 1'1 Physics Preference | Mechanical NLll'I'lI':IEr :If LE}EFS 4
Element Order Program Controlled Growth Rate 1.1
> Maximum Thickness = 1.0 mm ofsang Maximum Thickness | 1. mim
+|| Quality Inflation Algorithm Pre
+ | Inflation
¥ Advanced YView Advanced Options Mao
+|| Statistics

+ | Assembly Meshing
1| Advanced
+|| Statistics
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dante’ Step 9: Mesh the Component

1. Right click Mesh = Generate Mesh Outne s~ § DX

2. The mesh should look like the image below e - "
1 Project*

= (& Model (E4)

; T8 Geometry

- /%) Materials

-2 Coordinate Systems
-/

. g Name Insert .

Ef] uUpdate

£}3  Generate Mesh

3. Close ANSYS Mechanical and save the project

@3

[#]eeepe

Previ
review Generate Mesh

= Update the geometry if
Details of "Mesh' £ Create Pinch Con out of date and generate

the mesh if out of date,

-1 Display Export...
Display Style _
™ Group All Similar| (D)
- Defaults J up (1) Press F1 for help.
-t e __| i Flase Eamaes basd Pinbe T

" Nitridin g_Ring5lice_30_DAMTEG 0a_ACT2_8_ANS5201 - Workbench

File  View Tools Units Extensions Jobs  Help

Q.000 5.000 10,000 {rm) -
I e MEIEIE Project
2 500 7.500 ﬂjlmp@| Reconnect Refresh Project  +F Update Project | (@ Reload Extensions == ACT Start Page
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Nitriding Model
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dante’ Step 1: Nitriding Model Analysis System

,.g Mitriding_RingSlice_3D_DANTEG_Da_ACT2_& ANS201 - Workbench

1. Drag and drop Transient Thermal Analysis e vew Tok Uws oo xs e
System into the Project Schematic /5[] /[H prosec

Import... | +pReconnect 4] Refresh Project  # Update Project | (@ Reload Extensions g ACT Start Page
1

Toolbox Project Schematic

. o" . . . ¥/} -
2. Rename it “Nitriding Model (5 Anslysis Systens
|_®| Coupled Field Static
|_[=E Coupled Field Transient N & B
3. Drag and drop Model to N’trldlng Model ﬂ D.e5|gnAssessme.nt . Mechanical Model b Transient Thermal
a Eigenvalue Buckling 2 @ EngineeringData  +" 2 @ EngineeringData  + 4
:(ec:ri-:D - 3 E Geometry v o 3 |@ Geometry T .
. . B plicit Dynamis —
4. nght ClICk MOdeI Update | Harmonic Acoustis 4 @ Model v 4 = @ Model 5_) 4
Harmaonic Respanse Sliced RingModel 5 @ Setup T 4
. Madal 6 Solution F .
5. Double click Model @ Modslacouses 7@ Ress .
iy Random Vibration =
m Response Spectmum Transient Thermal
ﬁ Rigid Dynamics
& staticAcoustics
e Static Structural
ﬂ Steady-State Thermal
@ Thermal-Electric
[E=] Topology Optimization
& Transient Structural 1
[{® Transient Thermal
- - B - - B - A - B
18 " Mechanical Model 1 -ﬂ; Transient Thermal 1 b8 . Transient Thermal i Mechanical Model i8I, Transient Thermal
2 @ Engineering Data  +" 4 2 @ Engineering Data  +" 4 : 2 @ Model & 4 2 @ Engineering Data  +" 4 e @ Model e
------------------- - 5 - r, —
3 | [ Geometry v 3 :Q Geometry 2 3 I8 Geometry v 4 3 @ setw ¢ 4 3 | Ig Geometry v 4 3 @ setup =
4|. Model v 4 Transfer 44 | 5 O cdie.. " 4 4 @@ Model W 4 | Solution F o4
Sliced RingModel 5 a Setup T 4 Siiced RingMode Edit in Read-Only Mode. .. - Sliced RingModel 5 @ Results ¥ o4
6 §F Solution = 33 Dupkate Nitriding Model
7 @ Results 7y Transfer Data From New >
Nitriding Model Transfer Data To New 3
|/ Update
lindate | Inetraam Camnnnente
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It is critical that the units be properly defined a - e
Home Environment Display
S cut X Delete | My Computer
B copy Q Find Distributed
0 0 e Duplicate asie reg ™ ares
. Click on Units in the Home toolbar - Beeste fater | ormls |

Qutline * 3l Ox

w | Search Qutline | % _

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

= Mame

Select Degrees

i Coordinate Systems

&P Mesh

+]- £% Named Selections

£l [ Transient Thermal (B3)

e [nitial Temperature

B analysis Settings

- _ Solution (B4)
E-5] Selution Information

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

Select Celsius (For Metric Systems)

Details of "Initial Temperature” e IO X
[=]| Definition

Initial Temperature

Uniform Temperature
22,°C

Initial Temperature Yalue
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=, B
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Worksheet Keyframe

Animation

Unit Systems

Metric [m, kg, M, 5, ¥, A)
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Metric [mm, t, M, s, mV, mA}

Metric (mm, dat, M, 5, mY, ma)

Metric {pum, kg, uM, 5, V, ma)

L5, Customary (ft, Ibm, Ibf, °F, 5, WV, A)
.5, Customary (in, lbm, Ibf, °F, s, ¥, A}
Angle

Degrees

Radians
Rotational Velocity
rad/s

RPRA

® ©

Temperature
Celsius (For Metric Systems)
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&
s
@ Show Errors .
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1. Select Dante Model - Nitriding

2. Click Initial Temperature

3. Enter O for Details of “Initial Temperature”
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‘W project*
= Model (B2)
----- /8 Geometry
----- L Materials
----- 54 Coordinate Systems
....... /B Mesh
----- & Named Selections

....... =0 Initial Temperature @
------- v Hﬂ .ﬁ.nalysjs Settings

Details of "Initial Temperature” =i w O X

B C- Context

Environment Display Selection

7 @ & |« 4

Material Carburization  Mitriding Model Output Finalize Model

Temperature Temperature Control Frequency Settings
Carburization
Mitriding @ il IO X

QQ@U

Thermal utline | »
Stress
Aluminum Thermal

Aluminum 5tress

[=| Definition

Initial Temperature Uniform Emperature
o.c (3)

Automation Dante

]

N
N
/M Custom
Profile Settin
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dante’ Step 4: Define Processing Steps

Outline

1. Select Analysis Settings

Mame -
T Project*
= [& Model (B2)
-8 Geometry
- o0 Materials
5 Coordinate Systems
b /0 Mesh
- 8 Named Selections
7 Transient Thermal (B3)

b 7op Initial Temperatur
: - -/ (1)
» Auto Time Stepping: On & 3 Solution (84)

(- 5] Solution Information

2. Set the values under Details of “Analysis Settings”:

» Step End Time: 36000s

» Minimum Time Step: 1e-6s

Details of "Analysis Settings” * 1 Ox
—|| Step Controls
. " Mumber Of Steps 1.
» Maximum Time Step: 36000s Coseot Steo Number 1
Step End Time 36000 s
@ -:-.ut‘-g:l Time Stepping on
3. Set Nonlinear Formulation to Full under Nonlinear Controls e b
Minimum Time Step 1.e-006 s
Maximum Time Step 36000 s
Time Integration On

-1 Solver Controls

Solver Type Program Controlled
+|| Radiosity Controls
-]/ Nonlinear Controls

Heat Convergence Program Controlled
Temperature Convergence | Program Controlled
Line Search Program Controlled
|H-:|nlinear Formulation Full

+| Advanced

+ | Qutput Controls
+|| Analysis Data Management
+| Visibility
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1. Select Material from the Dante Toolbar

Dante Material Carburizatio
Temperatun

Model™

Details of “Material”:

2. Click on the yellow box next to Geometry
-> Select the part body B

Material

T project*

- Model (B2)

3. Select Apply for Geometry
4. Select Material Name = SH13

- (T Materials

-3 Coordinate Systems

- %1 Named Selections
29[ Transient Thermal (B3)
: w70 Initial Temperature
‘/EH Analysis Settings

]
----- £ {5 solution Information

Details of "Material" @
EllGeomemr 3

Scoping Method GeoUection

e e
[=I| Definition

Material Name 5100

Density 7.8E-06 kg/mm*®

Type Nitriding

Mitrogen [Wt. frag) |0

Mitride A (Wt frac) |0

Mitride B [Wt. frag) |0
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Details of "Material" -

B

T8 Geometry

-8 Materials

-y Coordinate Systems

/@ Mesh

- M8 Named Selections
E'pm Transient Thermal (B3)
- T=0 Initial Temperature

- +H1] Analysis Settings

#F Material
Solution (B4)

Details of "Matenial”

=] Geometry
Scoping Method | Geometry Selection
@ Geometry
[=]| Definition
Material Name S0
Density 7.8E-06 ka/mm*
Type Mitriding

Mitrogen (Wt frag) |0

Mitride A [Wt. frac) |0

Mitride B (Wt. frac) |0

Geometry
Scoping Method | Geometry Selection
Geometry 1 Body
Definition
5H13
Density 586X
593
Type 5300M
Nitrogen (Wt frac) | 51547
et 54650
Mitride A . frac]
— Wt ) 552100
MNitride BW. frac] SAMATI100
SCASTIROMNIX
SFERRIUMCES
5H13

=

Details of "BMaterial’ o i j||_ Ox
Geometry
Scoping Method | Geometry Selection
Geometry 1 Body
Definition
Density 7.8E-06 kg/mm*
Type Mitriding
Mitrogen (Wt frac) |0
Mitride & (W, frac) |0
Mitride B [Wt. frac) |0
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dante’

1. Select Nitriding Temperature from the Dante
Toolbar

~F @

2. Click Tabular Data

L

Dante Material Mitriding Model O

Madel™ @ Temperature Control Frag

3. Add 2 rows to the table and input the time- Name ” 6 Nitriding
T pProject* e lemperature
temperature data B {8 Model (82) il

Nitriding Temperature

----- 0B Geometry
----- Materials
» Constant 525°C for 36000s & ; ﬁ; Coordinate Systems
....... ” (f:a Mesh
----- g Mamed Selections
4. Cllck Apply = ? Transient Thermal (B3)
------- =0 Initial Temperature
------- . IIH Analysis Settings
- v o Material
e
=--2/&) Solution (B4)
----- 4 EI Solution Information

Details of "Nitriding Temperature" -~ 1 0Ox
=|| Drefinition
Mitriding Temperature | Tabular Data @
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Step 6: Define Nitriding Temperature

jiding Temperature
)3
_/ Total Time (s) Temperature (C)

0 525
36000 525
Details of "Carburize Temperature” = 0 Ox

=  Definition

ey Apply | cancet |
4
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1. Select Model Control from the Dante toolbar
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-7 @

Dante Material Carburization  Nitriding

@l W

Model Output F

Model™ Temperature Temperature Control FErequency
1
Qutline Model Control

Mame w | Search Outline | »
T Project*
= Model (B2)

..... », @ Geometry

----- 5 Materials

----- i Coordinate Systems

....... v P Mesh

----- %0 Named Selections

=--[M Transient Thermal (B3)
------- T=0 Initial Temperature
------- v ﬂ Analysis Settings
....... v , Material
------- B Nitriding Temperature
------- s Hi' Mitrogen Control
= , Solution (B4)

----- 5] Solution Information

-

H

Model
Control
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1. Select Output Frequency from the Dante toolbar

2. Click Tabular Data
3. Keep the default values = click Apply (o~ j Ei’* Eiﬁ "l *W

Dante Material Carburization  Mitriding Model Output Finalize Moc

Model ™ Temperature Temperature Control Frequency Settings
©)
Qutline >~ 10O Qutput Fr\/emlﬂlq'
= Mame w | Search Qutline | » Output
T project* Frequency .
B Model (B2) Details of "Output Frequency” 3*'@'1'1'1'3-1-1-1-1-1-: *410Ox

----- 8 Geometry

----- L Materials

----- /54 Coordinate Systems

- /&0 Mesh

----- 8 Named Selections
=--7[ Transient Thermal (B3)
------- v T-o Initial Temperature
------- v [ Analysis Settings

.......  # Material

------- I Nitriding Temperature
------- v “i Mitrogen Control
....... ?.l.ﬁ. Output Frequency
| ? Solution (B4)

----- #{%) Solution Information

[=|| Definition

Apply | Cancel

Step Qutput Freguency
_ 10

Dretails of "Dutput Frequenq.r" DI J'.I. O x
[=|| Definition
Frequency Table | Tabular Data ( 2 )
Copyright © 2023 DANTE Solutions. All rights reserved. ~ 22




ante

1. Select Convection from Environment toolbar
2. Select Scoping Method > Named Selection
3. Select Named Selection = Outer_Surface

4. Enter 5e-4 (W/mm?C) for Film Coefficient
5

. Enter 9e-3 (N Wt. Fraction) for Ambient Temperature

Dretails of "Conwection" @i iis i bbb b b b L L L . J."l. O x

[=l| Scope
@ Scoping Method Geometry Selection -

Geometry Selection
Mamed Selection

| Definition
Details of "Convection" -wmssms s s e J;l. o x
=] Scope
Scoping Method Mamed Selection
@ Cuter_Surface(Sliced Ring Model) -
[=I| Definition

Copyright © 2023 DANTE Solutions. All rights reserved.

ﬂm @I‘-lamedsalem-:n E‘,Commands @Images' ﬂITemperature i)
o ~ @ L & B

T
w 4 Coordinate System [ Comment E.SectinnP\ane

Dupycate Q Sa'Ive Anavlysls @, Remote Point o chart
Qutline Solver Insert

Quthne e B OX

i Name w | Search Outline | v _

[ Project*

El Model (B2)

«Q Named Selections

-+ Transient Thermal (B3)
s 7e0 Initial Temperature
/E Analysis Settings
-4 Convection
- P Material

ﬁ,, Nitriding Temperature
{]H’ Nitrogen Control
- ‘vﬂ- Output Frequency
Solution (B4)
{3} Solution Information

onvection”
Scoping Method Geometry Selection
e R
[=] Definition

Type Convection

Film Coefficient 0. W/mm®°C (step applied)

Ambient Temperature | 0. °C (step applied)
Convection Matrix Program Controlled
Suppressed No

Details of "Convection”

[ Annotatjan A\ Radiation Heat Mazss Flow | Conditions | Write In

Thermal

Convection

Insert a Convection load to cause convective
heat transfer through one or more flat or

curved faces in contact with a fluid.

(D Press F1 for help.

[=l| Scope

Scoping Method

Mamed Selection

Mamed Selection

Cuter_Surface(Sliced Ring Model)

[=1| Definition
Type Convection
@ Film Coefficient S.e-004 W/mm*C [step applied)
D e ©.-003 °C (step applied) v
Convection Matrix Program Controlled K 5
Suppressed Mo

- ile...
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ante

1. Select Finalize Model Settings from the Dante Toolbar

2. Save the model

3. Right click Solution = Solve

SR ] souion i
-5 Solutic Insert ’

Details of "Solution (B4)" - 3 Sohe
=/ Adaptive Mesh Refinement B Copy

Max Refinement Loops | 1. & Cumiin Solve

Refinement Depth 2. i Start the solution process
=/ Information J>  Rename 7 using the current solve

Stat Soh process settings.

i oN M Group ANl
| MAPDL Elapsed Time
MAPDL Memory Used £ Open Solv| (@ PressF1 for help.

Copyright © 2023 DANTE Solutions. All rights reserved.

B o=

~F @ @ |li+ &

Dante
Model™

i Mame
- (@ Model (B2)

Context

Environment

Material Carburization Mitriding

Temperature Temperature Control Frequency

w | Search Qutline | »

-

B, T® Geometry

E--y @ 5YS\Solid(Slced Ring Model)
o ([E: Commands (APDL)

----- /5 Materials
----- /i Coordinate Systems
....... v, TP Mesh

M Named Selections

------- ~T=0 Initial Temperature

....... /1] Analysis Settings

------- %' Convection

------- & Material

------- i Nitriding Temperature
------- v ]H Mitrogen Control

....... ” 1..1\- Output Frequency

------- Finalize Mitrogen Setting
S Solution (B4)

----- {5} Solution Information

Display

Model

Selection

CN

Automation Dante

n
¥

Cutput Finalize Model C/MN Custor

Settings Profi

Finalize
« Model
Settings

Set
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dante’ Step 11: Nitrogen Model Post-Processing

1. Under Dante Results select Nitrogen All - Solution (84)
u & {5) Solution Information
. . . ] Carbon Al
2. Right click Nitrogen All = Evaluate All Results R Wiite Cart o ,
Fle:ultsé~> Pri £ Evaluate All Resuns@
3. Check the result 1
Dante Results "User Defined Result ». e

M Dunlicate Withait Reculte

Dante
Results
B: Nitriding Model
Mitragen All
Erocess Jemper Expression: SWARZ
B3 Nitrogen Al Time: 36000
1/4/2023 2:05 PrA

ﬁ Weight Fraction of Mitrogen in Mitride & Form
B3 Mitride A Size Factor
ﬁ Weight Fraction of MNitrogen in Mitride BE Form

B3 Mitride B Size Factor
B3 Mascent Nitrogen

. 0.093899 Max

0.083466

— 0.073033

— 0.0626

— Q.032186

— 0.041733

— 0.0313

— 0.020867
0.0104323

. -2.1398e-17 Min

NOTE: These DANTE results can be added
before running the model, when solving the
model, they will be evaluated along with it
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~7 @9 @ i @ T T @G @B %

Dante Material Carburization Nitriding Model Output Finalize Model C/N  Custom Thermal Import Thermal Dante Dante Results Write Carbon/Nitrogen Ep
Model ™ Temperature Temperature Control Frequency Settings Profile Settings ™ History Results™ Aluminum™ Profiles o

- @Q [®lv & % &-[4]Q@ @@ seect {Wite arbon/Nitrogen Profiles

w | Search Qutline | ™ L Write
Carbon/Nitrogen
Profiles

1. Select Write Nitrogen Profile from the Dante
Toolbar

1 Project*
(=0 5] Model (B2)
B,/ Geometry
Bl @ 5Y5\Solid(Sliced Ring Model)
o 7 Commands (APDL)

-5 Materials

14 Coordinate Systems

-8 Mesh

- 8% Named Selections

VE Transient Thermal (B3)

T=0 Initial Temperature

1] Analysis Settings

48 Convection

v #F Material

. Nitriding Temperature

‘/Hi Nitrogen Control

'afl‘ Qutput Frequency

Jﬂ Finalize Mitrogen Setting

Solution (B4)

o) Solution Information
3 Nitrogen Al

2. Under Details of “Write Nitrogen Profile”,
change the file name to “sliced_ring_nc” for
Save Data

3. Right click Write Nitrogen Profile = Evaluate All
Results

E| JE Transient Thermal (B3)
w7=0 Initial Temperature
Tl Analysis Settings

A, Nitriding Temperature
i’ Nitrogen Control
‘/'!A‘ Qutput Frequency
Finalize Mitrogen Setting
Solution (B4)
- 412 Solution Information
A R T2 Nitrogen All

{5 Solution (B4) Am

‘;E Solution Information (= b Details of "Write Nitrogen Profile"

q Nitrogen Al Evaluate All Results [=| Definition ( 2 )
w uilk ; ;
Write Nitrogen Profile Suppress siced.ing_ne \_/
Dubiicate With Evaluate All Results Result Set Selection 1 | Step: 1; Set: 30; Time: 1034,2427
uplicate
Evaluate all Result Set Selection 2 | Step: 1; Set: 33; Time: 2062.0412 G . z _
raph : *1OX T
e et ; results. Result Set Selection 3 | Step: 1; ("= "7 Ti=-wanas2ap
Dupliate | Result et Selection 4 | step: 1| Sliced_ring_cc ;3
Details of "Write Nitrogen Profile” B copy @ Press F1 for help. Result Set Selection 5 | Step: 1; Set: 55; Time: 18139,4972
)| Definition 2 cut Result Set Selection 6 | Step: 1; Set: 75; Time: 36000.0
sliced_ring_nc Mitrogen Save Options | Nitrogen All/Mitride A Fraction/Nitride B Fraction
Result Set Selection 1 | Step: 1; Set: 30; o Clear Generated Data Tol 1E-05
Result Set Selection 2 | Step: 1; Set: 33; % Delete 05 2] B Time
Result Set Selection 3 | Step: 1; Set: 37;
Result Set Selection 4 | Step: 1; Set: 43; I Rename F2 || Display Time Last
Result Set Selection 5 | Step: 1; Set: 55; D Group Ctrl+G =G ¥
Result Set Selection 6 | Step: 1; Set: 75; Group Similar Objects Scoping Method All Bodies
Nitrogen Save Options | Mitrogen Al T =l| Results
| Minimum

Copyright © 2023 DANTE Solutions. All rights reserved. [ Maximum 0. 36000 26




dante’

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

Save the Project and close Ansys Mechanical

Copyright © 2023 DANTE Solutions. All rights reserved.

» Windows (C) »

MName

dante_files

sessipn_files

user_files

» ThisPC|»

Mame

sliced_ring_nc.ntd

Windows (&) »

DANTE » Ansys Link » Tutorials » Mitriding »

Date modified Type

1/4/2023 2:20 PM File folder
1/4/2023 11:57 AM File folder
1/4/2023 11:14 AM File folder
1/4/2023 11:13 AM File folder
1/4/2023 11:14 AM File folder

DAMTE * Ansys_Link * Tutorials

Step 13: DANTE Carbon Profile Directory

Project
DIreCtory \

Project Name

Nitriding_RingSlice_3D_DANTEG_Da_ACT2_8_ANS201_files >

Size

.

» Nitriding * Nitriding_RingSlice_3D_DAMNTEE_Da_ACT2_8_ANS201_files » dante_files
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Nitriding Thermal Model
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dante’

1. Drag and drop a Transient Thermal Analysis

System into the Project Schematic

2. Rename it as “Nitriding Thermal Model”

3. Drag and drop Model from Sliced Ring

Model to Nitriding Thermal Model

4. Double click Model in the Nitriding Thermal

Model

A - B

- -
= Mechanical Model 1 1
2 Q Engineering Data  +" 4 — 2 ﬁ Model v 4 2
3 E Geometry v 4 3 @ Setup 4 3
4|O Model ¢‘|--" SRR ey > 4
Sliced RingModel 5 @ Reslts v 4 5
Nitriding Model f

7

Copyright © 2023 DANTE Solutions. All rights reserved.

,-; Mitriding_RingSlice_3D_DANTEE_0a_ACT2_8_ANS201 - Workbench
File — View Tools Units
mY=31= I
lﬁjlrnpc:rt... |
Toolbox
EAnalysis Systems

Extensions  Jobs  Help

Project

v X

Project Schematic

Step 1: Thermal Model Analysis

Reconnect Refresh Project # Update Project | (& Reload Extensions 5@ ACT Start Page

|_@| Coupled Field Static

|_@ Coupled Field Transient i A e B e C

ﬂ' Design Assessment 1 '_"; Mechanical Model 1 1;, Transient Thermal 1 -l; Transient Thermal

[ Eigenvalue Buckling 2 | EngineeringData ' -8 2 g Model v 2 & EngineeringData "

(&) Electri

Fetie 3 E Geometry v 4 / 3 @ Setup v 4 3 @ Geometry E

Explicit Dynamics ’ -
Harmonic Acoushis 4 @ Model v our 4 Solution v 4 4@ Model F .,
Harmonic Response Sliced RingModel 5 @ Results v o4 5 @ Setup F 4

i Modal Nitriding Model & |§F Solution )
Modal Acoustics 7 @ Results =
Random Vibration

Response Spectrum
Rigid Dynamics
Static Acoustics
Static Structural
Steady-State Thermal
Thermal-Electric
Topology Optimization
[z Transient Structural
rm Transient Thermal

DECDENEEEEREEC

w
C ey )
R —— i8N " Mechanical Model
_@__Eﬂg_ilelaﬂly_[)_a_ta;__:/__‘_ 2 Q Engineering Data  +" —
= 1 !

@ _Geometry = a 3 E Geometry v

Tranzfer 44 I
B o S 4 @ Model v u<
Solution F . Sliced RingMaodel
@ Results F .

Nitriding Thermal Model

Nitriding Thermal Modsl

Transient Thermal

- B
1 _1; Transient Thermal
2

w
1
a2

@ Model v 4 @ Model ]
3 @ Setup v 4 3 'ﬁ, Setup =
4 g3 solution v 4 4 Solution =
3 @ Results v o4 3 @ Results 7 d

Mitriding Model Mitriding Thermal Model
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It is critical that the units be properly defined

1. Click on Units in the Home toolbar

2. Select Metric (mm, kg, N, s, mV, mA)
3. Select Degrees
4

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

5. Select Celsius (For Metric Systems)

Copyright © 2023 DANTE Solutions. All rights reserved.

ey
B0 Context
_ | Home | Environment Display
lD % Cut X Delete | My Computer

HE copy QFind Distributed

Selection

=“ eramed Selection E‘Commands @Images'
v

*i Coordinate System CJComment [l Section Plane
Analysis @, Remote Point

Dupin(ate B paste Bm Tree~ | Cores 6 SO'M
Outline ]

O 3 vlox

Name w | Search Qutline |V

[ project*

£ {8 Model (C2)
/g Geometry
@'"vﬂ Materials
@ 3K Coordinate Systems

B--{) Solution Information

Dmi‘s of "Iniﬁal Tunmtum" ERLXIIX ERRATT K DRI

e @ve[EC-+Q@ @@ sdd

= Definition

Unit Systems
Metric (m, kg, N, s, V, A)
Metric (cm, g, dyne, s, V, A)

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

Angle
Degrees

Radians

Rotational Velocity
rad/s

RPM

Temperature
Celsius (For Metric Systems)
Kelvin (For Metric Systems)

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

Metric (mm, dat, N, s, mV, mA)
Metric (um, kg, pN, s, V, mA)
U.S. Customary (ft, Ibm, Ibf, °F, s, V, A)
U.S. Customary (in, Ibm, Ibf, °F, s, V, A)

C: Oil Quench Thermal Model - Mechanical [Ansys Mechanical Enterprise]

E D> Tags

@ wizard
Worksheet K
qUsRe ?"M,?;, [ Show Errors &t/

®

©
O,

al
G
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dante’ Step 3: Define DANTE Model & Initial Temperature

1. Click on Dante Model in the Dante Toolbar and select Thermal

2. Select Initial Temperature in the Project Tree

Project

3. Change the Initial Temperature Value to 20.0 °C B __:‘%"E'E{DC:JW
----- ¥ k. Coordinate Systems

----- e, Remote Points

----- Connections
—— H
ﬂ E[l = Context = '/% Meszh
----- [ Mamed Selections
ile . . . s
Home Model Display Selection Automation = ? Tra

----- nsient Thermal (C
7 @ @ [l w et O

et Analysis Settings
Material Model OQutput Finalize Model e i
Control Frequency Settings = ‘Jﬁ Solution ;{4} .
----- _f/il—l Solution Information

Carburization

‘ Mitriding

Thermal @ -

Stress
Aluminum Thermal Jetails of "Initial Temperature”
Aluminum Stress = inition

e bt T = S

Initial Temperature Uniform Temperature

Initial Temperature Value | 20, *C @
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dante’

1. Select Analysis Settings

2. Enter 3 for Number of Steps

Step 4: Define Processing Steps
©

Details of "Analysis Settings"

3. Set Current Step Number to 3 and enter values

4. Set Current Step Number to 2 and enter values

5. Set Current Step Number to 1 and enter values

6. Set Nonlinear Controls = Nonlinear

Formulation = Full

Step Controls

©

Details of "Analysis Settings"
¥

Step Controls

Mumber Of Steps
Current S5tep Number
Step End Time

Auto Time Stepping
Define By

Carry Over Time Step
Initial Time 5tep
finimum Time Step
Maximum Time 5tep
Time Integration

Mumber Of Steps
Current Step Mumber
5tep End Time

Suto Time Stepping
Define By

Carry Owver Time Step

3
2.
3960
On
Time
Off

0s

Initial Time Step
finimum Time Step

1.e-002 5

1.e-005 s

faximum Time Step

Time Integration

36000 5

L

Cn

®

Details of "Analysis Settings"
F

-|| 5tep Controls

Mumber Of Steps

Step End Time

Define By

Current 5tep Mumber

Auto Time Stepping

Initial Time Step
Minimum Time 5tep
fMaximum Time Step

Time Integration

Time
1.e-002 5
1.e-005 s
3600, 5

n

Solver Controls

Solver Controls

- Solver Controls
Saolver Type

+|| Radiosity Controls
+/| Nonlinear Controls

+| Advanced
+|| Output Controls

Program Controlled

+| Analysis Data Management

+ | Visibility

Program Controlled

Program Controlled

Outline
Name - . Solver Type Program Controlled Salver Type Program Controlled
5__"%}'3;;, @ +|| Radiosity Controls +|| Radiosity Controls
""" @ Geometry +/| Menlinear Controls +/| Monlinear Controls
----- 5 Materials
" ‘/CE; Coorhdinahe Systems +|| Advanced + | Advanced
Mes|
& Named Selections + | Output Controls + | Output Controls
Transient Thermal (C3) @ A lvsis Data Management
T-0 Initial Temperature + na i
jh‘.ﬂ e 3" a +|| Analysis Data Management
57 Solution (C4) +|| Visibility + | Visibility
.//E' Solution Information
Thermal modeling of the nitriding process involves modeling -I| Nonlinear Controls
of 3 steps: the part heat up, processing, and cooling down Heat Convergence
" — - — - - Temperature Convergence | Program Controlled
Current Step| Step End | Auto Time Carry Over [ Initial Time [ Minimum | Maximum Time Line Search
Number Time Stepping | Define By | Time Step Step Time Step | Time Step | Integration Full
3 43200 Off 3600 #| Advanced
2 39600 On Time 1.00E-02 | 1.00E-05 36000 On #| Output Controls
+|| Analysis Data Management
1 3600 N/A 3600 71| Visibility

Copyright © 2023 DANTE Solutions. All rights reserved.

()
Program Controlled
Quasi
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dante Step 5: Assign Material
~F B R e

[ Dante Material Scoping Method Geometry Selection
1. Select Material from the Dante Model~ Geomely
. - Definition
TOOIbar WL Materia Material Name S10XX
1 Density 7.8E-06 kg/mm?*
. Material Type Thermal
2. Click on the ye||0W box next to Carbon and Carbon in Carbide (Wt. frad) | 0,002
@ Geometry Iron Carbide (Wt. frag) 0
Geometry - Select the part body &/ vetees ron Carbide size (o) i
’/H‘ Coordméte Systems Alloy Carbide (Wt. frac) 0
e i ;ZZ:““”S Alloy Carbide Size (nm) 1
3. Select Apply for Geometry I s Nirogen (Wt frad 0
= Transient Thermal (C3) Nitride A (Wt frac) 0
. /70 Initial Temperature Nitride B [Wt. frac) 0 rrT——— ,
4. Select SH13 for Material Name /T Analyss setiings Mat.Inftial Phse Tabular Data ey
? 4 Chemical Compaosition Tabular Data Scoping Method Geometry Selection @
B ?@ Solution (C4) Geometry Apply Cancel

5. Enter 0.004 for Carbon and Carbon in S A ot

Detailz of "Material”

Cal'bide -1| Geometry

Scoping Method Geometry Selection
. oo Geometry 1 Body Details of "Material" ~ 00X
6. Click Tabular Data for Mat. Initial | o
F . Scoping Method Geometry Selection
Phase and set values as shown L steral Name M5 ((4) Ganay
Density 7.8E-06 kg/mm* | Definition
Type Thermal Material Name SH13
L H : : r T Density 7.8E-06 kg/mm* Initial Microstructure Phase Weight Fraction
> Initial microstructure composed  [SebenndCorbon in Carbige (W frag 0004 @ rens 0
Iron Carbide [Wt. frac) =

Carbon and Carbon in Carbide [Wt. frac)

fully of tempered martensite, ron Carbide Size ()

Iron Carbide (Wt frac) Upper Bainite

Iron Carbide Size [nm) Lower Bainite

Alloy Carbide [Wt, frac)

set to 1 with other phases 0 Alloy Carbide Size (nm)

Alloy Carbide Size [nm)

—io|lo|o|lo

Tempered Martensite

Mitrogen (Wt fracg) Mitrogen (Wt frag)

0
0
1

Alloy Carbide (Wt frac) 0 Martensite
1
0

Mitride A (W, frac) Mitride A [Wit. frac) 0

Qo Q== Q

7. Click Apply Nitride B (e, frac Niride BVE 20 —
e pply ance
Mat. Initial Phase Tabular Data @ Chemical Compaosition Tabular Data

Chemical Composition Tabular Data
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1. Select Model Control in the Dante toolbar

. Select Default Phase-Transform Kinetics-Mode —> (-7): Rate Dependent|Active | Active

2
3. Click Tabular Data = Kinetics-Mode Table
4

. Click Apply

-7 2 & ivw @ «~ =

Dante Material Carburization  Nitriding  Medel Output Finalize Model C/N  Custom Thermal
Model~ Temperature Temperature Control Frequency  Settings  Profile  Settings™
Outline Model Control *RrOx
" Name v | Search Out! = Model
2K Coordinate Systems Control A

-y & Material
2]} Model control
E9%) Solution (C4)

B4} Solution Information &

Kinetics Mode Options: (Select Below) ) | | Vol. Chang...
(-4): Rate Dependent | Inactive | Inactive
Kinetics-Mode Table Tabular Data
= Keyword control ( 3 )

Max, Temp. Change (C) per Substep 30 v
Max. Phase Change (Percentage) per Substep 0.2
Max, Carbon Change (Wt. Frac.) per Substep 0.0005
Max. Nitrogen Change (Wt. Frac.) per Substep 0.0001
Max. Carbide A/Precipitate Change (Wt. Frac) per Increment | 0.001
Max. Carbide A Size Class Growth per Increment 0.5
Latent Heat default
Hardness Unit default
Carbide Decompaosition default
Latent Heat due to ing/Solidificati default
Tempering Precipitation default
Material Directory default

Copyright © 2023 DANTE Solutions. All rights reserved.

Details of "Model Control”

* R Ox

= Definition

Kinetics Mode Options: (Select Below)

Kinetics-Mode Table

{#): Austenitizing | Tempering | Vol. Change by Carburizing/Nitriding

= Keyword control

Max, Temp. Change (C) per Substep

Max. Phase Change (Percentage) per Substep

Max. Carbon Change (Wt. Frac) per Substep

Max. Nitrogen Change (Wt. Frac) per Substep

[-7): Rate Dependent | Active | Active _ -
(4): Rate Dependent | Inactive | Inactive
[-5): Rate Dependent | Inactive | Active 2

: Rate Dependent | Active | Inactive

(-8): Equilibrium | Inactive | Inactive
(-9): Equilibrium | Inactive | Active
[-10): Equilibrium | Active | Inactive
[-11): Equilibrium | Active | Active

Max, Carbide A/Precipitate Change (Wt. Frac) per Increment | 0.001
Max. Carbide A Size Class Growth per Increment 0.5
Latent Heat default
Hardness Unit default
Carbide Decomposition default
Latent Heat due to Melting/Solidification default
Tempering Precipitation default
Material Directory default

Dietails OF "IIOAE] COMBIOI" 55 o o B *lpox
[=| Definition
Kinetics Mode Options: (Select Below) ‘fﬂ: | | Vol. Chang...

[= Keyword control

Default Phase-Transform Kinetics-Mode (-7): Rate Dependent | Active | Active
Apply | Cancel

Max. Temp. Change (C) per Substep

Max, Phase Change (Percentage) per Substep

7 N
»(4)
02 \_/

Max, Carbon Change (Wt. Frac) per Substep 0.0005

Max. Nitrogen Change (Wt. Frac) per Substep 0.0001

Max. Carbide A/Precipitate Change (Wt. Frac,) per Increment | 0.001

Max. Carbide A Size Class Growth per Increment 05

Latent Heat default

Hardness Unit default

Carbide Decomposition default Graph

Latent Heat due to Melting/Solidification default 3600.
Tempering Precipitation default

Material Directory default
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1. Select Output Frequency from the Dante toolbar
In Details of “Output Frequency”, click on Tabular Data

Leave the default frequency values as 2

W N

Click Apply Y5k Context

ﬂ Home Environment Display Selection Automat

~7F % @ |+ 4

Dante Material Carburization Nitriding Model Output Finalize Mot
Model~ Temperature Temperature Control Fuquenﬁettinus
1

......................................................................................................................... Wﬁm

" Output
Frequency

=9 Transient Thermal (C3)
------- »T=0 Initial Temperature
- HH Analysis Settings
-y @ Material
||l Model Control
% Output Frequency
E--2f& Solution (C4)

E--#{5) solution Information

v

Copyright © 2023 DANTE Solutions. All rights reserved.

Details of "Output Frequency'

5| Definits

N
Frequency Table Tabular Data ( 2 )
N—

Details nf“ﬂutput FFEHUEHC)'";Q****'3*******'3**'3*******'3**" II, 0O X
- Detinton ®
Apply Cancel
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dante’

Select C/N Profile from the DANTE Toolbar

. Set Number of Nitriding Profiles > 1

Step 8: Importing Nitrogen Profiles

- CN C/N Profile
=& Solution (C4)
®--{5) Solution Information

2 v
Details of “C/N Profile" * 0 Ox
. o o o o . ] . . . = Deﬁ“itio“
3. Click Nitriding file, navigate to dante_files, select the nitrogen profile and click Open Number of Carburization Profiles |0
Number of Nitriding Profiles 1
. . . R . . . Nitrogen file CADANTE\ANsys_Link\...
4. Under Carburization/Nitriding Activation Table, click Tabular Data Carburization/Nitriding Actvation Table _ Tabular Data
Same mesh between C/N and T/S models | Yes
5. Set Nitriding - 1 at Step 2 to activate it and click Apply
[ I Details of "C/N Profile" » 0 O x LRt X
@“ I @ﬁ 8...‘; IlI .m' C h /‘ = Definition « v A <« Windows (C:) > DANTE 5 Ansys_Link > Tutorials 5 Nitriding > Nitriding_RingSlice 3D_DANTE6_0a_ACT2_8 ANS201 files 5 dante files v o Search dante files
T s bode £ Sunt, PN Gl CUSEIRE | Number of Carburization Profies — |0 A a0
Number of Nitriding Profiles o 1 et ” _
Qutline = 0Ox C/N Profile Nitrogen file 3 » |= i
- 4
Name - - C C/N Carburization/Nitriding Activation Table Tabular Data -
£% Named Selections A Profile Same mesh between C/N and T/S models | Yes o i ’
EI--'; Transient Thermal (C3) File name: | sliced_ring_nc.ntd | | Dantefiles (*.ntd) v
=0 Initial Temperature 1/5/2023 11:25 AM Cancel
- M1 Analysis Settings
» # Material — -
| 1| Model control _De::fllsn?;o:N Profile v 10X
T;Z‘: quency Details Df "C'!N PlDfilE" - q’ I:I X Number of Carburization Profiles 0
=) 7@ Solution (C4) - Definition Number of Nitriding Profiles 1
-- 4 : Solution Information v " - - Nitrogen file C:\DANTEVANsys_Link\Tutorials\Nitriding\Nitri...
. ] Number of Carburization Profiles 0 T | el |
Details of "C/N Profile *4Oox Number of Nitriding Profiles 1 Same mesh between C/N and T/S models | Yes m
-/ Definition
Number of Carburization Profiles 0 Nitrogen file Carburization/Nitriding Activation Table @ x|
MNumber of Nitriding Profiles 1]

Carburization/Nitriding Activation Table Tabular Data
Same mesh between C/N and T/5 models | Yes

Copyright © 2023 DANTE Solutions. All rights reserved.

C:\DANTE\Ans
Carburization/Nitriding Activation Table Tabular Data@
Same mesh between C/N and T/5 models

Yes

Step Time Carburization (0=Inactive) | _Nitriding (0=Inactive) |
1 3600 0 b 0 -
7 39600 0 - 1 =
3 43200 0 - 0 >
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1. Add 2 Convections from the Environment toolbar to the Project Tree

2. Right-click on the Convections and rename to Heating, Quench

I Project*
= . Model (C2)
----- 08 Geometry

sectt ppepwmomggn G m Materials
& _ = . E:.Prn]ﬂ:t =
ID x % %,Named selection  [B Commands (Elimages @§Temperature I @ Model(c)  SEEEE @ 2k Coordinate Systems
= i Coordinate System CJComment [ Section P & convedtion = B T8 Geometry

....... o & Mesh

Duplicate @, | Solve | Analysis o . . N g ey 15 Materials

- . . P,Remote Point iiil Chart EJ annotation  #MRadiation % CoordinateSystems P Bl 8 Named Selections

Outline Solvers Insert @ Mesh - -;;E Transient Thermal (C3)

2 3z & Named Selections

B Y L o S T 0 R % s | O - ot G- O Mamed Selections B o Initial Temperature
ouine TAEX  Qa@le& % H-FQAC o Frmmetema@ | Y ﬁ Analysi Setings
© Mame w | Search Qutline | ™ _ - 4720 Initial Temperature v !
'E'. Project* o M Analysis Setings e ?*
S 1B Hodel (C2) EEEEE . ) 7% Quench
: 2 onvect " B ) # Material

-/ T8 Geometry

--Jm Materials

- 5% Coordinate Systems
/@ Mesh

& Named Selections

o Material g suppress

Model C
:u‘! th;_jt; O  Duplicate

N CNProf

------- v I" Madel Control

....... . :.ﬁ. Cutput Frequency

....... ~CN C/N Profile

- El-+f%) Solution (C4)

[zl /E Solution Information

------- o Too Initial Temperature DEEE
....... » Bﬂ Analysis Settings Rename F2 Details of "Heating" R R DR B e ~r JI. O x
....... ?E gmuegon , Scoping Method B3 Group o =/ Scope
....... 2 onvection Geametry .| Rename (F2) i i
_______ & Material | Definition 5 croup sim s the scoping Method Geometry election
------- ) IH Model Control Type Convection a currently selected Geometry Mo Selection
....... ” 4 Cutput Frequency || Film Coefficient 0. W/mm?**C (st Outline object. [-1| Definition
I__;i ..... v, 2 CM pr_oﬁ|e{c4} |C:|Amt:tilentl:r:|:l:erature I2}1]. C [st;p alt|::|:nI Type Convection
I35 Solution onvection Matrix rogram Control (7) press F1 for help. - — °
--_//E Solution Information Suppressed Mo . _ Film Coefficient 0. W/mm*°C (step applied)
[ | Ambient Temperature |20, °C [step applied)
Convection Matrix Program Controlled
Suppressed Mo
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Step 9b: Heating Thermal Boundary Condition

1. Select Heating and set Scoping Method to Named Selection

. Set Named Selection - Outer_Surface

. Set Film Coefficient to 1e-4 (W/mm?C)

2
3
4. Set Ambient Temperature to 525°C
5

. Under Details of “Heating” > Tabular Data, right-click on
row 4 and select Activate/Deactivate at this step

Copyright © 2023 DANTE Solutions. All rights reserved.

Details of "Heating" ~lox
- Scope
Scoping Method
Named Selection
=/ Definition
Type Convection
Film Coefficient 1.6-D04 W/mm*=C (step applied)
Ambient Temperature | 525, °C (step applied)
Convection Matrix Program Controlled
Suppressed No

Named Selection
Quter_Surface(Sliced Ring Model)

Details of "Heating"

-l Scope

Scoping Method

-I| Definition
Type

Mamed Selection

Film Coefficient
Ambient Temperature

Convection
Suppressed

Matrix

A8 I=B Wl Tabular Data -

Graph
43200
e L
3600. 43200
1 2

( & Material

2{& Solution (C4)
----- {5} Solution Information

(‘f Heating

2% Quench

- % Material

J”i Model Control
-‘;-‘i,l'k Qutput Frequency

(”i Model Control """" ~EN C/M Profile
-4l Output Frequency -9 Solution (C4)
g CN CMProfle o He (5] Solution Information

Details of "Heating"

*QlOox -1| Scope
Scoping Method Mamed Selection
Named Selection '| Mamed Selection Cuter_Surface(Sliced Ring Model)

Geametry Selection

Named Selection . [kl

Type Convection

Film Coefficient 1.e-004 W/mm**C [step applied) @

W Ambient Temperature [EEEA AT applied]@ j

Convection Matrix Program Controlled

Convection

0. W/mm*°C (step applied)
20, °C (step applied)
Program Controlled

No Suppressed Mo
0.000 10,000 20,000 {mm) z
I 0000
5.000 15.000

Steps |Time [: . . ..
i o =teom - 535, This applies the boundary condition
2|1 3600. | 1.e-004 525. . .
312 (o600 - 1004 =52 only to the heating/processing steps
43 _ 1,e-004 F
Z - Copy Cell
Paste Cell

Export
5 Activate/Deactivate at this step!
Activate/Deactivate at this step!

Deactivate (delete) a load in one or more steps. By default, defined loads are active in all steps.

() Press F1 for help.
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Details of "Quench”
-l Scope
Scoping Method
Mamed Selection
|| Definition
Type
Film Coefficient
Ambient Temperature
Convection Matrix
Suppressed

Copyright © 2023 DANTE Solutions. All rights reserved.

Select Quench and set Scoping Method to Named Selection
. Set Named Selection - Outer_Surface

. Set Film Coefficient to 1e-4 (W/mm?C)

Set Ambient Temperature to 20°C

. Under Details of “Quench” - Tabular Data, right-click and
highlight all rows except row 4 and select
Activate/Deactivate at this step

T Project*
B {5 Model (C2)
----- T8 Geometry
& Materials
¢ Coordinate Systems
@ Mesh
+- % Named Selections
E--5[f Transient Thermal (C3)
T=0 Initial Temperature
IIH Analysis Settings

Matera
Model Contral

‘l,fr Qutput Freguency
CM /M Profile

|- &) Solution (C4)

E- +5) Solution Information

g =

Details of "Cuench”
—|| Scope

Scoping Method Mamed Selection v|

Named Selection Geometry Selection
-1| Definition
Type
Film Coefficient

med Selection

Convection

0. W/mm?°C [step applied)
20, *C (step applied]
Program Controlled
Suppressed Mo

Ambient Temperature
Convection Matrix

~40Ox

Mamed Selection
Outer_Surface(Sliced Ring Model}

Convection

1.e-004 W/mm*°C (step applied)
20, °C (step applied)

Program Controlled

Mo

0.000 10.000

5.000

Graph

3600. 43200

15,000

Step 10: Quench Thermal Boundary Condition

4 Quench
- #F Material
(”i Model Control

-_,‘-I,l'k QOutput Frequency
e O M Profile

- Solution (C4)

----- {5 Solution Information

Details of "Quench”

-|| Scope

Scoping Method Mamed Selection

Mamed Selection @ Cuter_Surface(Sliced Ring Model)
-|| Definition

Type

Convection
Film Coefficient 1.e-004 W/mm®*C (step applied)

B Ambient Temperature R olE CY T s [10]] @ j

Convection Matrix Program Controlled
Suppressed Mo

20,000 (mim)

This applies the boundary
condition only to the quench step

Activate/Deactivate at this step!

Deactivate (delete) a load in one or more steps, By default, defined loads are active in all steps.

Copy Cell
Paste Cell
Export

Activate/Deactivate at this step!

(@ Press F1 for help.
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1. Select Finalize Model Settings from the Dante toolbar

2. Save the model

3. Right-click Solution = Solve

El ----- & E Transient Thermal (C3)

....... ” I'H Maodel

------- =0 Initial Temperature
....... +H1l Analysis Settings
------- %" Heating

....... % Quench

....... & Material

Control

....... 4 Output Frequency
....... », €M C/M Profile

------- ‘(ﬂ Finalize Thermal Setting

=E4] Solution (C4

----- #{2) Solution I

Details of "Solution (C4)"

[=|| Adaptive Mesh Refinement =]

Max Refinement Loops | 1.

Refinement Depth 2, Q
=| Information alb

Status Solve F E

| | MAPDL Elapsed Time

MAPDL Memory Used 5

Insert

Solve @

Copy

Clear
Renan
Groug

Open

Solve

7

Start the solution process
using the current sohve
process settings.

(1) Press F1 for help.
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.|
B o= Context

Home Environment

~F @& @ |l M

Qutput _ Finalize Model
Temperature Temperature Control Freque

Dante
Model ™

Mam

Display

Material Carburization Nitriding

[ | Search Qutline | »

-y @ 5Y5\Solid{Sliced Ring Model)

e /[ Commands (APDL)

* -/ Materials

4> Coordinate Systems
- E Mesh

- 5 Named Selections

;[ Transient Thermal (C3)
------- =0 Initial Temperature
....... 1 Analysis Settings
....... », * Heating
....... % Quench
------- % Material
------- 7 I" Model Control
....... > 1.|!|. Output Frequency
....... ~CN C/N Profile
------- Jﬂ Finalize Thermal Setting
=& Solution (C4)
----- {5} Solution Information

-

Model

Selection Automation

CN

v

Finalize Model Settings

Finalize
Model
Settings

Dante

C/M Custon
Settings Profile

Sett
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darte Step 16: Post-Processing Thermal History

®

o =& Solution (C4)
-5 Solution Information

1. Under Dante Results select Total

SRy BY
Austenite Vol Eract «@\ Temperature - Global Maximum
ustenite Volume Fractian & Temperature - Global Minimum
v
Hardness Ferrite Wolume Fraction Y"
Pearlite Volume Fraction User Defined Resul e ’ l:l .
. . User Lefined nesult
2. Right click Total Hardness = Evaluate Uppe Eainite Volume Fraction R
AII R I Lower Bainite Volume Fraction 7 Method Geometry @ Suppress Evaluate All Results
esu tS Martensite Volume Fraction try AllBodies |0 Duplicate Without| /7 Evaluate all
Tempered Martensite Volume Fraction on e J Rename Based on "T 7 results.
ser Defil
3. CheCk reSUItS Total Hardness ion =5vAR2 | Duplicate
Defined Nascent Ca ight Fraction Init System Metric(mi o0 (1) Press F1 for help.
Carbon Weight Fractiofmin Austenite

4. Save the Project and close Mechanical

Carbon Weight Fraction in Ferrite C: Nitriding Thermal Model
Total Hardness

Carbon Weight Fraction in Pearlite ;
Expression: SYARZ

Carbon Weight Fraction in Upper Bainite Tirme: 43200
Carbon Weight Fraction in Lower Bainite 17572023 4:28 Pho
Carbon Weight Fraction in Martensite 70.64 Max
Carbon Weight Fraction in Tempered Martensite 66, 734

- - 62,047
CBD-C Weight Fraction in TMart 50101
CBD-C Averaged Size in TMart 55,254
CED-A Weight Fraction in TMart 31408

. A7.561

CBD-A Averaged Size in TMart 23715
Max. Weight Fraction of CBD-C in TMart 10,968
Max. Weight Fraction of CED-A in TMart 36.022 Min
Defined Mascent Mitrogen Weight Fraction @
Defined Mitrogen Weight Fraction in Mitride &

=

Defined Mitrogen Weight Fraction in Mitride B

200000000000000000022222220

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

ﬂ = Context

Temperature
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s

Quench Hardening Stress Model
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Step 1: Stress Model Setup, Add Analysis System to
Project Schematic

Drag and drop a Static Structural Analysis

Systems into the Project Schematic

2.
3.

Rename it as “Nitriding Stress Model”
Drag and drop the Model from Sliced Ring

Model to Nitriding Stress Model

4,

Drag and drop the Solution from Nitriding

Thermal Model to the Setup of Nitriding

Stress Model

5.
Model

" Mechanical Model
@ Engineering Data
E Geometry

@ Model

Sliced RingModel

Copyright © 2023 DANTE Solutions. All rights reserved.

Double click Setup in the Nitriding Stress !

v 4
v 4

v <

I Nitriding_RingSlice_3D_DANTEG_0a_ACT2_8_ANS201 - Workbench
Fle View Tods Units Extensions Jobs  Help
Q) =
) mport... ‘

Project

LW Project Schematic

|E| Analysis Systams
@ Coupled Field Static

[ Coupled Field Transient
[ Design Assessment

3 Eigenvalue Buckling

Electric

¥ Exlict Dynamics

) HarmonicAcoustics

Harmonic Response

i Modal

& Modal Acoustis

fil§ Random Vibration

fily ResponseSpectum

EA Rigid Dynamic

) staticAcoustis

T
8 Steady-State Thermal o

() Thermal-Electric

4 Topology Optimization

fd Transient Structural

[ Transient Thermal

4| @ Model

hd A hd
Mechanical Model

2 Q Engineering Data v 4 —a 2 @ Madel

3 E Geometry v 4 i 3 @ Setup

4 | a Model

Sliced RingModel

- B -
: :
82 @ Model v 4 .2
s @sw a0
4 |ifg Solution v 4 4
5 @ Resuts v |/ |8

Nitriding Model

- A
| T
2 | @ EngneeringData v
3 | [§ Geometry

Sliced RingModel

B

1 l; Transient Thermal

4 Solution

@ Results

ing Model

v 4
Pt

Reconnect Refresh Project # Update Project | & Reload Extensions | ACT Start Page

- B
:
~22 @ Model v 4
3 @ senp v 4
4 @ solution v 4
5 @ Results v 4

Nitriding Modsl

-

- c - D
; ;
22 @ Model v o4 2 @ EngneeringData v
3 @ sewp v 4 3§ Geometry ? .
4 @ soluton v 4 4 @ Model P
5 @ Results 5 @ setup P 4
Tding Thermal Model & &l soluton D
7 @ Results P 4

Nitriding Stress Mode
Cc hd D

v 4 ®2 |§@ Model
v 4 aF @ Setup
v 4 4 Solution
v 4 3 @ Results

Nitriding

C A D
1
§@ Model v 4 2 @ Model &,
@ Setup v 4 3| Transfer C4 |
Iﬁ Solution /ﬁy’*’r g Solution F .
@ Results v 4 5 | @ Results F o4

Nitriding Thermal Mode

Nitriding Stress Model

S8 I, Transient Thermal 8 = static Structural

v 4 2 Q Engineering Data v 4
v . 3@ ceomety P |
v 4 4 Transfer 44 |
5 @@ setup 7.
& Solution F .
7 @ Results 7 4

Nitriding Stress Maoddl

D

4 G5 Solution
5 @ Results F o4

Nitriding Stress Model



It is critical that the units be properly defined

1. Click on Units in the Home toolbar

2. Select Metric (mm, kg, N, s, mV, mA)
3. Select Degrees
4

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

5. Select Celsius (For Metric Systems)

Copyright © 2023 DANTE Solutions. All rights reserved.

ey
B0 Context
_ | Home | Environment Display
lD % Cut X Delete | My Computer

HE copy QFind Distributed

Selection

=“ eramed Selection E‘Commands @Images'
v

*i Coordinate System CJComment [l Section Plane
Analysis @, Remote Point

Dupin(ate B paste Bm Tree~ | Cores 6 SO'M
Outline ]

O 3 vlox

Name w | Search Qutline |V

[ project*

£ {8 Model (C2)
/g Geometry
@'"vﬂ Materials
@ 3K Coordinate Systems

B--{) Solution Information

Dmi‘s of "Iniﬁal Tunmtum" ERLXIIX ERRATT K DRI

e @ve[EC-+Q@ @@ sdd

= Definition

Unit Systems
Metric (m, kg, N, s, V, A)
Metric (cm, g, dyne, s, V, A)

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

Angle
Degrees

Radians

Rotational Velocity
rad/s

RPM

Temperature
Celsius (For Metric Systems)
Kelvin (For Metric Systems)

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

Metric (mm, dat, N, s, mV, mA)
Metric (um, kg, pN, s, V, mA)
U.S. Customary (ft, Ibm, Ibf, °F, s, V, A)
U.S. Customary (in, Ibm, Ibf, °F, s, V, A)

C: Oil Quench Thermal Model - Mechanical [Ansys Mechanical Enterprise]

E D> Tags

@ wizard
Worksheet K
qUsRe ?"M,?;, [ Show Errors &t/

®

©
O,

al
G
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1. Click on Dante Model in the Dante Toolbar and select Stress
2. Click on Static Structural in the Project Tree

3. In the Details of “Static Structural”, change Environment
Temperature to 20 °C

——
ﬂ |E| = Context D : Mitriding Stress Model - Mechanical [ANSYS Mechanical Ente
Home Environment Display Selection Automation Dante

7 @ @ jivw @ T S @@ @ ® & O

Material Carburization Mitriding Model Cutput Finalize Model C/N  Custom Thermal Import Thermal Dante Dante Results Write Carbon/Nitrogen Export Nodes Export Thermal Help
Temperature Temperature Control Frequency Settings Profile Settings ™ History Results™ Aluminum ™ Profiles Stress History

Carburization

B g Qv -+ QA @@ St & Mode- PR@RE®® P FCipboard-
Thermal tine | ™ o
Stress
Alumin al
Aluminu 5

Copyright © 2023 DANTE Solutions. All rights reserved.

e—_——————————————————
1514 Context
File Home Environment Display Selection

~ ¥ X i v

Dante Material Carburization  Nitriding  Model Output |

Model™ Temperature Temperature Control Frequency
QOutline v 1O X
Name v | Search Qutline |V

Details of "Static Structural (D3)" s v L X
=/ Definition

’Physics Type Structural

Analysis Type Static Structural

Solver Target Mechanical APDL
=/ Options o~

W Envionnent renpertu EORAEY)

Generate Input Only ]No ~—
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1. Select Analysis Settings

2. Modify the Details of “Analysis Settings”
NOTE: The step numbers MUST be entered from highest to lowest; i.e., start with

Current Step Number 7

3. Repeat for Current Step Numbers 6 through 1

Name

-

T Project*

= (& Model (D2)
--‘,t?_a Geometry
{8 Materials
s Coordinate Systems

G

- /& Mesh
@ £ Named Selections
= Static Structural (D,
e wtit] Analysis Settings
#-- (=) Imported Load (C4)
=& Solution (D4)
-3} Solution Information
Current Step| Step End | Auto Time Carry Over | Initial Time | Minimum | Maximum
Number Time Stepping | Define By | Time Step Step Time Step | Time Step
7 25812 3600
6 18612 3600
\ 5 11412 Off 3600
/4 4212 On Time 1.00E-02 | 1.00E-05 600
3 3612 10
2 3601 1
1 3600 N/A 3600
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Step 4: Define Processing Steps

G

Details of "Analysis Settings’ «~ 0O x
-] Step Controls

NMumber Of Steps [

Current Step Number

Step End Time 25812

Auto Time Stepping | On

Define By Time

Carry Over Time Step | Off

Initial Time Step 1.e003 s

Minimum Time Step 1.e-005 s

Maximum Time Step 3600, 5

Solver Controls

Solver Type Program Controlled

Weak Springs Off

Solver Pivot Checking | Program Controlled

Large Deflection Off

Inertia Relief Off
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®

Details of "Analysis Settings"

1. Select Analysis Settings

-] Step Controls

2. Enter 3 for Number of Steps

Mumber Of Steps 3
Current 5tep Number | 3. @
Step End Time 43200 s

Auto Time Stepping | On

3. Set Current Step Number to 3 and enter values

4. Set Current Step Number to 2 and enter values | pefine &y Time
Carry Over Time Step | Off
Initial Time Step 1.e-002 s

5. Set Current Step Number to 1 and enter values

Minimum Time Step | 1.e-005 s

3600, s

Maximum Time Step

Step 4: Define Processing Steps

O,

Details of "Analysis Settings”
-|| 5tep Controls

O,

Details of "Analysis Settings”

—|| Step Controls

Mumber Of Steps 3
Current Step Number | 2.
S5tep End Time 3
Auto Time Stepping [ On

9600 5

Define By Time
Carry Over Time Step | Off
Initial Time Step 1.e-002 s

Minimum Time 5tep [ 1.e-005 s
Maximum Time Step | 36000 s

-|| Solver Controls

—|| Solver Controls

Number Of Steps 3
Current Step Mumber | 1.
Step End Time 3
Auto Time Stepping | On

Define By Time
Initial Time 5tep 1,e-002 5
Minimum Time Step | 1.e-005 5
Maximum Time Step | 3600, s

—|| Solver Controls

Salver Type Pragram Controlled Solver Type Pragram Controlled Solver Type Program Controlled
Qutline Weak Springs Off Weak Springs off Weak Springs off
MName - Solver Pivot Checking | Program Controlled Solver Pivat Checking | Program Controlled Solver Pivot Checking | Program Controlled
T Project* i Large Deflection off Large Deflection Off Large Deflection off
= & Model (D2) Inertia Relief Off Inertia Relief Off Inertia Relief Off
,,:':Eﬂ Geometry
(- Materials
% Coordinate Systems
*’&g Mesh , Current Step| Step End | Auto Time Carry Over [ Initial Time | Minimum | Maximum
- Name_d Selections Number Time Stepping | Define By | Time Step Step Time Step | Time Step
[l Static Structural (D3)
JIIH 3 43200 . Off 3600
‘;E' Imported Load (C4) 2 39600 Time 1.00E-02 1.00E-05 36000
(&) Solution (D4) 1 3600 N/A 3600
-] Solution Information The part heat up, nitriding, and cooling down steps are analyzed in the stress model
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=

Dante
Model™

Select Material from the Dante
Toolbar

Click on the yellow box next to
Geometry = Select the part body

Select Apply for Geometry

Select SH13 for Material Name

Carbide

Click Tabular Data for Mat. Initial
Phase and set values as shown

» Initial microstructure composed

fully of tempered martensite,
set to 1 with other phases 0

7. Click Apply

Copyright © 2023 DANTE Solutions. All rights reserved.

Outline

Enter 0.004 for Carbon and Carbon in

Step 5: Assign Material

7 @ @

Material

Material

1 Material

----- I8 Geometry
----- 15 Materials
=2 Coordinate Systems
- &3 Mesh
% Mamed Selections
, Static Structural (D3)

b JH] Analysis Settings
) Imported Load (C4)
E'J@ Solution (D4)

_//E' Solution Information

Details of "Material”
-|| Geometry
Scoping Method

Details of "Material"

-l Geometry
Scoping Method
Geometry

-| Definition
Material Mame
Density
Type

Carbon and Carbon in Carbide Wi, frac)

Iron Carbide (W, frag)
Iron Carbide Size [nm)
Alloy Carbide [Wt, frac)
Allay Carbide Size (nm)
Mitrogen [Wt. frac)
Mitride A [Wt. frac)
Mitride B (Wt. frac)
Mat. Initial Phase
Element Keyopt(2)
Chemical Composition

v 1 Ox

Geometry Selection

Geometry 1 Bady
- Definition
[ Material name 5H13 (/\ZL)
Density 7.8E-06 kg/mm?
Type Stress
|Carbnn and Carbon in Carbide [Wt. frac) | 0,004 (:5)
Iron Carbide [Wt. frac) ]
Iron Carbide Size (nm) 1
Alloy Carbide (Wt frac) 0
Alloy Carbide Size (nm) 1
MNitrogen [Wt. frag) ]
Mitride A (Wt frag) ]
Mitride B [Wt. frac) ]

Mat. Initial Phase

Element Keyopt(2)
Chemical Compaosition

Tabular Data k 6 Fl
Uniform reduced integ n

Tabular Data

~1oOx

©)

S510xX

7.8E-06 kg/mm®
Stress

0.002

0

Qoo +lo| =

Tabular Data

Uniform reduced integration

Tabular Data

Details of "Material”

- Geometry
Scoping Method
Geometry

|| Definition
Material Name
Density
Type
Carbon and Carbon in Carbide (Wt frac)
Iron Carbide [Wt. frac)
Iron Carbide Size [nm)
Alloy Carbide [Wt. frag)
Alloy Carbide Size (nm)
Mitrogen [Wi. frac)
Mitride A (Wt frac)
Mitride B [Wt. frac)

Element Keyopt(2)
Chemical Composition

Geaometry Selection

Details of "Material” -~

-|| Geometry
Scoping Method

Geometry Selection

Apply Cancel :

Geometry
v 3Ox

Geometry Selection
1 Body Mat. Initial Phase |
SH13
7.8E-06 kg/mm® Initial Microstructure Phase Weight Fraction
Stress Ferrite 0
0.004 Pearlite 0
] Upper Bainite a
1 Lower Bainite 0
0 Martensite 0
1 Tempered Martensite 1
o
o
0

Apply Cancel
Uniform reduced integra
Tabular Data
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Step 6: Define Control File

1. Select Model Control in the Dante toolbar

. Select Default Phase-Transform Kinetics-Mode —> (-7): Rate Dependent [Active | Active

2
3. Click Tabular Data = Kinetics-Mode Table
4

. Click Apply

TH L
~F 2 %[ 0@ o
! L L l I 1
Dante Material Model Output Finalize Model C/N
Model * Control Frequency Settings Profile

Mame -

- (& Model (D2)
/T8 Geometry
5 Materials
4 Coordinate Systems
%8 Mesh
[ 88 Named Selections
El9{i Static Structural (D3)
[ Analysis Settings
& Material
M
) Imparted Load (C4)
B Solution (D4}
*- 4 solution Information

lodel
li

Details of "Model Control”

=I| Definition
Kinetics Mode Options: (Select Below]
Default Phase-Transform Kinetics-Mode
Kinetics-Mode Table

=I| Keyword control
Max. Temp. Change (C) per Substep
Max. Phase Change (Percentage] per Substep
Max. Carbon Change (Wi, Frac) per Substep
Max. Nitrogen Change [Wt. Frac) per Substep
Max, Carbide A/Precipitate Change (Wt. Frac) per Inecrement
Max. Carbide A Size Class Growth per Increment
Stress Effect on Phase Transformation
Hardness Unit
Carbide Decomposition
Stress Relax
Creep
Tempering Precipitation
Material Directary

| Control

Control

1
I Model

v

vaOx

(%) Austenitizing | Tempering | Vol. Chan...
[-4): Rate Dependent, e | Inactive
Tabular Data

30

02
0.0005
0.0001
0.001
0.5
default
default
default
default
default
default
default
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Details of "Model Control"
|| Definition
Kinetics Mode Options: (Select Below]

Drefault Phase-Transform Kinetics-Mode (-7} Rate Dependent | Active | Active -

Kinetics-Mode Table

-1| Keyword control
Max. Temp. Change [C] per Substep
Max. Phase Change [Percentage] per Substep
Max, Carbon Change (Wt Frac) per Substep
Max. Mitrogen Change [Wt. Frac) per Substep

>0 0Ox

[#): Austenitizing | Tempering | Vol. Change by Carburizing/Nitriding

[-4): Rate Dependent | Inactive | Inactive
[-5): Rate Dependent | Inactive | Active
-6): Rate Dependent | Active | Inactive
\[-7): Rate Dependent | Active | Active
[-8): Equilibrium | Inactive | Inactive
[-9): Equilibrium | Inactive | Active
[-10): Equilibrium | Active | Inactive
[-11): Equilibrium | Active | Active

Max, Carbide &/Precipitate Change (Wt. Frac,) per Increment | 0.001

Max. Carbide A Size Class Growth per Increment
Stress Effect on Phase Transformation

Hardness Unit

Carbide Decomposition

Stress Relax

Creep

Tempering Precipitation

Material Directory

0.5

default
default
default
default
default
default
default

Details of "Model Control"

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

- 1Ox

(#): Austenitizing | Tempering | Vol. Change by Carburizing/Nitriding

(-7): Rate Dependent | Activi

= Keyword control
Max, Temp. Change (C] per Substep 30
Max. Phase Change (Percentage) per Substep 02
Max, Carbon Change (Wt. Frac.) per Substep 0.0005
Max, Nitrogen Change (Wt Frac) per Substep 0.0001
Max, Carbide A/Precipitate Change [Wt. Frac) per Increment | 0,001
Mazx, Carbide A Size Class Growth per Increment 0.5
Stress Effect on Phase Transformation default
Hardness Unit default
Carbide Decomposition default
Stress Relax default
Creep default
Tempering Precipitation default
Material Directory default
Kinetics-Mode Table = |
Step Time Phase-Transform Kinetics-Mode
1 3600 default
2 39600 default
3 43200 default
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Select Output Frequency from the Dante toolbar
In Details of “Output Frequency”, click on Tabular Data

Leave the default frequency values as 10

Hw N e

Click Apply

~F @ @ [+ &

Dante Material Carburization  Mitriding Model Output Finalize Mod
Model ™ Temperature Temperature Control Frequenhhttings

1
()utput?r‘e{pﬂiq

Marme « | Search Qutline | _ Output
[_. Project® Frequency

- Model (D2)

----- B Geometry

----- 5 Materials

----- 53 Coordinate Systems

....... », EP Mesh

----- & Mamed Selections

=gl Static Structural (D3)
------- 1 Analysis Settings
------- /% Material
------- v ]" Model Contral
....... ?qﬁ. Output Frequency
----- = Imported Load (C4)

Copyright © 2023 DANTE Solutions. All rights reserved.

Details of "Output Frequency’

5| Definits

A~
Frequency Table |TabuarData ( 2 )
N—

=/ Definition (4)
Apply | Cancel
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Step 8: Importing Nitrogen Profiles

1. Select C/N Profile from the DANTE Toolbar

Set Number of Nitriding Profiles - 1

Click Nitriding file, navigate to dante_files, select the nitrogen profile and click Open

2.
3.
4. Under Carburization/Nitriding Activation Table, click Tabular Data
5.

Set Nitriding -
¥ @ a

Dante Material Ca Model
Maodel™ T

Outline

Mame - .
0 project*
B Model (D2)

/T8 Geometry
- Materials
< Coordinate Systems
&0 Mesh
- 1% Mamed Selections
Static Structural (D3)
VEEH Analysis Settings
- # Material
‘/”i Madel Control
-‘/Jﬁ- Output Frequency
Jou
-‘/@ Imported Load (C4)
-5 Solution (D4)
[ {5} Solution Information

-1| Definition
Mumber of Carburization Profiles ]
Mumber of Mitriding Profiles o

Carburization/Nitriding Activation Table | Tabular Data
S5ame mesh between C/M and T/5 models | Yes

.+ Contral Frequency

1 at Step 2 to activate it and click Apply
W N

Qutput Finalize Model O/ Cust
Settings Prafile

- Definition
Number of Carburization Profiles 0
1
Nitrogen file

Carburization/Nitriding Activation Table Tabular Data
Same mesh between C/N and T/S models | Yes

(2] | C/N Profile

C/N
Profile

ll Details of "C/N Profile" * 1l Ox

TN C/N Profile
Imported Load (C4)
@) Solution (D4)

.//IE' Solution Information

Details of "C/MN Profile"

-1 Definition
Mumber of Carburization Profiles

Mumber of Mitriding Profiles
Mitrogen file
Carburization/Mitriding Activation Table

0

1
CADANTEVANSsys_Link\Tuto...
Tabular Data

G

Details of "C/N Profile" *QOx

- Definition
Number of Carburization Profiles 0
Number of Nitriding Profiles 1
Nitrogen file CADANTEVAN

Carburization/Nitriding Activation Table Tabular Data
Same mesh between C/N and T/5 models | Yes

Copyright © 2023 DANTE Solutions. All rights reserved.

@

Same mesh between C/MN and T/5 models | Yes
Bl Nitrogen file X
<« Windows (C:) > DANTE > Ansys Link > Tutorials » Nitriding > Nitriding_RingSlice 3D_DANTE6_0a_ACT2_8_ANS201 files 5 dante files v o Search dante files
- m @
&
a
>
File name: | sliced_ring_nc.ntd | | Dantefiles (.ntd) v
Details of “C/N Profile" * 1 0Ox
= Definition
Number of Carburization Profiles 0
Number of Nitriding Profiles 1
Nitrogen file C\DANTEVANsys_Link\Tutorials\Nitriding\Nitri...
Carburization/Nitriding Activation Table Apply | Cancel |
Same mesh between C/N and T/S models | Yes m
Carburization/Nitriding Activation Table \./ [ x |
Step Time Carburization (0=Inactive) | _Nitriding (0=Inactive) |
i 3600 0 - 0 -
2 39600 0 v 1 v
3 43200 0 bl o b
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1. Expand Imported Load (C4) in the Project Tree
2. Select Imported Body Temperature

3. In Details of Imported Body Temperature, set the
Source Time to All

Right click on Imported Body Temperature in the
Project Tree and select Import Load

Unit: °C
1/6/2023 10:07 A

M 20.6911 Max
20,6143
| 20,5375
| 204607 [Imported Body Tem
__{ 20,3839
| 20,3072
| 202304
__{ 20,1536
L 20,0768
20 Min

Copyright © 2023 DANTE Solutions. All rights reserved.

Step 9: Import Thermal History

L

w

~——1
4

-1 Scope
Name ¥ - Scoping Method Geometry Selection
D Project* Geometry 1 Body
= FE Model {DZ) -| Definition
1 Type Imported Body Temperature
#-, %@ Geometry .
T = ) Tabular Loading Program Controlled
1/_'.4 Materials Suppressed No
5 Coordinate Systems Source Bodies Automatic
5...‘,(-'?1:3 Mesh Tolerance 1.%
~ &8 Named Selections Al
H--[i Static Structural (D3) =| Graphics Controls
- 4JH] Analysis Settings & Active Row
§ Active Row 1
- s Material
Display Source Points | Off

||| Model Control
....(.-.'ly Output Frequency

@;---(-CN C/N Profile
:...(.i- Imported Load (C4)

—onEEEE—(2) -

=& Solution (D4) ) Model (02)
~-2f5) Solution Information -

Display Source Point Ids | Off
- Settings

lame - -

- % Named Selections
Static Structural (D3)
T Analysis Settings
& Material

11} Mode! control

4 Cutput Frequency
CN C/M Profile
EJE:' Imported Load (C4)

------ £ Y Impor ted Body Temperature

QQ [@w & %

D: Nitriding Stress Model
Imported Body Termperature
Tirne: 1.4997e-002 5
1/6/2023 10:00 Ak

. Imported Body Termperaty

@

Import the load
data based on the
object's settings.

(@ Press F1 for help.

B[ Solution (D4) Insert
------ {8} Solution Information
5 Import Load
Details of "Imported Body Temperature”
G Suppress
= Scope _ Import Load
Scoping Method Geometry Selection O Duplicate
Geometry 1 Body O Clear Generate] ﬁ
-I| Definition
Type Imported Body Temperat X Delete
Tabular Loading Program Controlled I Rename
Suppressed Mo
- - 5 Group Ctrl+G [
source Bodies Automatic
Tolerance 1.%
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[« SR
1. From the Environment toolbar, add a

Frictionless Support and Displacement to 1L ~

Context

Home Environment

Display

m é lamed Selection
7

ystem [ Comment E.Section Plane

Insert

Duplicate Q, Saolve Analysis #, Remate Po
the Project Tree
TS 6058066053068503065000000000000000 000000 0068500068

. . MName - v
> Click on Static Structural to add 5 @ roson
structural boundary conditions 57 Comioae s
‘/3 ::;:d Selections
= i Static Structu ral (D3)

2. In the Details of “Frictionless Support”,
click the yellow box next to Geometry

7@ Displacement
- #F Material
‘/”I Model Control
-‘/ﬁ,fl‘ Qutput Frequency
i O CN Profile

EI ----- /) Imported Load (C4)

3. Select the two internal faces of the ring
slice holding the Ctrl key and click Apply

= v P§ Imported Body Temperature

Selection

E‘ Commands @Images'

@D : Niti

Automation Dante
.@_ ﬁ @ Force ﬁ, Fixed
K ﬁ Moment = Frictionless
Inertial Load
@Annotation nev 2 ova : @, Pressurg @ Displacement
Structural

Details of "Displacement”

Step 10: Define Mechanical Boundary Conditions

~*lOx

-l Scope

Scoping Method | Geometry Selection
Geometry No Selection
=/ Definition

Type Displacement

Define By Components

Coordinate System | Global Coordinate System
X Component  Free
Y Component | Free
Z Component  Free

Suppressed No

Select ™k Mode~ ET © & ®

Details of "Frictionless Support”

[=l| Scope
4. In the Details of “Displacement”, click the s e (3
[=I| Definiti \ 2 /
yellow box next to Geometry
5. Select the bottom inner vertex and click  seesuici = aax
Apply E;‘ﬁwo : (Av/;{) | conce
. . Define By Compov
6. Inthe Details of “Displacement”, set the oo somcmomesrn
Y Component to 0

Copyright © 2023 DANTE Solutions. All rights reserved.

=)/ Scope
Scoping Method Geometry Selection

Apply | Cancel
[=I| Definition
Type ‘Fr\ctmmess Support
Suppressed ‘No

Note: Use the selection modes
to select vertices and faces

Details of "Displacement” *xlOox

-/ Scope
Scoping Method
Geometry
= Definition
Type
Define By
Coordinate System
X Component
Y Component
Z Component
Suppressed

Geometry Selection
1 Vertex

Displacement
Components
Global Coordinate System

Free
0. mm (ramped) @
Free

No
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1. Select Finalize Model Settings from the

Dante toolbar
2. Save the model

3. Right-click Solution - Solve

"""" i CN Cm PYO*
-/ Finalize Stress Setting
8- ,, . Imported Load (C4)

----- 'l Imported Body Temperature

I Project*

: Model (D2)

E- @ Geometry

LB -5 @ 5Y5\Solid(Sliced Ring Model)

I ----- v ﬁ Materials

"""" vy 'E Mesh

H-- (8 Named Selections

E Static Structural (D3)
- 11 Analysis Settings

-y 5} Solutior Insert »
$ Solve @ ok

Details of “Solution (D4)" = 4 Clear Generd
,f:_j -
: m R —— > Rename Start the solution process

Max Refinement Loops | 1. using the current solve

. ™ Group All Si .

Refinement Depth 2. process settings.

= Information £ Open Solver

Copyright © 2023 DANTE Solutions. All rights reserved.

Jr* Frictionless Support
- /08 Displacement
w0 P Material

v"“I Model Control

,.-r"ﬁ' Output Freque

- CN CN Profile
- {¥@ Finalize Stress Setting
- /or) Imported Load (C4)

Context

Haome Environment Display Selection Automation Drante

~F % @ [ B o

Dante Material Carburization Mitriding Model OCutput Finalize Model C/N Cu

Temperature Temperature Control Freque Settings Profile

DD T o Finalize Model Settings

w* | Search Outline | »

Finalize
« Model
Settings

- . Commands (APDL)

= Coordinate Systems

-----\,.#l], Imported Body Temperature

-z{0) Solution Information
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1. Right-click Solution in the Project Tree and

select Insert = Stress = Normal

2. In Details of “Normal Stress”, select the Y
Axis, signifying axial stress

Details of "Solution (D4)"

B

3. Right click on Normal Stress and select

Evaluate All Results

(E Solution Information
L ¥ lormal Siress

Insert

Details of "Mormal Stress” woomms
53 Evaluate All Results

(3)

[=|| Scope
Scoping Method Geometry Se 'ﬁ Suppress
Geometry All Bodies [0 Duplicate Without]
[=|| Definition
Type Mormal Stres é[b [T B R
@ ¥ Axis [0 Duplicate
By . : Time B Copy
|| Display Time Last .

Evaluat

7

Evaluate all
results,

(1) Press F1 for help.

Copyright © 2023 DANTE Solutions. All rights reserved.

EI-- -,,. Imported Load (C4)

E.j Imported( )Tarperah.re
& ". Insert

o, m Solution |

L4

Adaptive Mesh Refinement

Clear Generated Data
Rename

Group All Similar Children

F2

Max Refinement Loops 1. ﬁ Open Solver Files Directory
Refinement Depth 2
Information EY worksheet: Result Summary
Status Done
| MAPDL Elapsed Time 4m235s
MAPDL Memory Used 28. MB
MAPDL Result File Size 608.56 MB
Post Processing
Beam Section Results Nao

On Demand Stress/Strain

No

The part surface is in high compression in the axial and circumferential direction
NOTE: This concludes the tutorial, save and close Ansys Mechanical

9 e

Deformation
Strain

Stress
Energy

Linearized Stress
Stress Tool
Fatigue

Contact Tool
Bolt Tool

Probe

Coordinate Systems

Volume

User Defined Result

v v W

48408 80808848248

Equivalent [von-Mises)
Maximum Principal
Middle Principal
Minimum Principal
Maximum Shear
Intensity

Normal

Shear

Vector Principal

Error

Membrane Stress
Bending Stress
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