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dante’

Step 1: Start Abaqus/CAE

&4 Abaqus Command

C:\temp>cd C:\Users\Ferg.DCT-39\Desktop\Dante_4_ 6 _Tutorial o

3.

&% Abaqus Command

C:\temp>cd C:\Users\Ferg.DCT-39\Desktop\Dante_4 B _Tutorial

C:\Users\Ferg.DCT-39\DesktopiDante_4_& Tutorial»abq2@l8 cae a

Open Abaqus Command and set the working directory by
using the command “cd NameOfDirectoryLocation”

)

Start Abaqus CAE by typing in the command “abqgxxxx cae’
into the command window

* Xxxxx represents the version of Abaqus to be opened

Click With Standard/Explicit Model to start a new model

+ Start Session

Create Model Database @
€§3 With Standard/Expli odel
3 With CFD Madel

= With Electromagnetic Model

(=} Open Database & Run Script

@ Start Tutorial

Recent Files
1D:/../glesble/glesble_3d_t.odb
2 D/ Joylinder_3DAher mal3d. odb
3D/ jfoylinder_2D/stress.odb
4 D AWORK_DIR S, MWMC fmmc_s. odb
5 Do AWORK_DIRA, . MMC mmc_todb

warstha s opyrlh () 1534 - 2006 by Jerosn v d Zif
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Property
Assembly
Step
Interaction
Load

Mesh
Optimization
Job
Visualization
Sketch

i

Module: v Part

Step 2: Creating a Part

1. Under Module select Part to create a geometry

% Abaqus/CAE 2018 [Viewport: 1]

E Fle Model Viewport View EEart Shape Feature Tools Plug-ins Help K? 2

DEE®E ) i e DT In the pulldown menu, select Part = Create

=

Model | Resuts - o sl vestt W el 3 0 Repname the part simple_2d_ring_c and select
S ModelDav 5 £ % G 7 . . .
T . Axisymmetric, Deformable, Shell, and set the approximate

size to 200 then click continue

o Create Part *

Mame: |simple_2d_ring_c @

Meodeling Space

Type Options
(@ Deformable
(O Discrete rigid

[ Include twist
(O Analytical rigid

Base Feature

@) Shell
) Wire
() Point

Approximate size: | 200

Continue.., Cancel
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Step 2b: Creating a Part

Create Lines:
h Connected

X Pick a starting point for the line--or enter X,¥: [

Copyright © 2019 DANTE Solutions. All rights reserved.

The ring has an inner diameter of 80 mm, outer diameter of
120 mm, and a height of 60 mm

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

Select the Created Lines: Connected tool and type in (40,0),
(60,0), (60,60), and (40,60)

Connect the last side by using your mouse and selecting the
point (40,0)

Select the red X to exit the tool and then press Done



dante’ Step 3: Create an Instance

+ Create Instance 1. Under Module, select Assembly to create the geometry
T = Parts
W [P ...
P Property .
2.0, pp—— e 3. Select the part to be instanced and check Dependent
4 f@ Step @
5% |Interaction (meSh on part)
s | |Load ! i
% | |Mesh Instance Type 4. Click OK and the part should turn blue
4y Optimization @ Dependent (mesh on part)
q L{J J'i’b o ) Independent {mesh on instance)
=, Visualization
wa t | [Sketch Note: To change a Dependent instance’s
},._{ s mesh, you must edit its part's mesh.
573 Nf (1 Auto-offset fram other instances
Lf % [ OK } l Apply l [ Cancel ]
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(1)

Module:

Step 4: Meshing the Part

+Mesh v Model: i ~Model-1 ¥ Object: O Assembly @ Part: i ring_2d v

Module: IC Assembly v

e nen Part
% aEn
gt Property

gl Assembly
T
s Step
};;@ Interaction
i = Load

e G f
- O
Optimization
Job

Visualization

Sketch
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Type

2 Edge & 'Face CCell
Method

Use shortest path bebween 2 points
Use datum plane

Use curved path normal to 2 edges
Extend another face

Intersect by other faces
Project edges

Auto-partition

o e wWwN e

Under Module, select Mesh to mesh the part

Check Part instead of Assembly

In the pulldown menu, select Tools = Partition

Check Face under Type and select Sketch under Method
Select Offset Curves , select all the sides, then click Done

Set the Offset Distance to 2 then press enter on the
keyboard

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

* Click OK then Done when the offset lines are complete

4= X | Offset distance: | 2.0]

©

4= X | Is the offset shown on the correct side? Flip

X | Select the entities to offset |individually (] Fillet corners




dante’ Step 4b: Meshing the Part

1. Select Create Lines: Connected to extend the partition lines
@ Ep; s in each corner to create squares and click the red X when
Gl A complete
 create Lines: _ _ L 9—*“{
T | o e When creating a line, the “x”, “H” or “V” means the
dh a0 BE R o . . . . .
< - . S 1, - line is perfectly horizontal or vertical as seen in the
e 3 .
images to the left
; ] H 2. Click Done when the partition is complete
- ! e b L/ 1 | <
e i | 1 : . : .
| | el * The final partition should look like the image below
9 ) |
T
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dante’ Step 4c: Meshing the Part

1. Inthe pulldown menu, select Seed = Part then set the Approximate global
size to 1.0 and click OK

2. Inthe pulldown menu, now select Seed = Edges then select each edge of
the four squares created during partitioning using Shift + Click, then click
Done

Curvature control

Maximum deviation factor (0.0 < h/L = 1.0); L‘bl

(Approximate number of elements per circle: 8)

Minimum size control

@ By fraction of global size (0.0 < min <

1By absolute value (0.0 < min < global size) 028

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

OK ] [ Apply ] [Defaults] [ Cancel

]
]
L)
1)
i)
i)
1)
]
L)
1)
i
L)
1)
{1
L)
{1l
ﬂ
J

L=

.....I....I...IL J

©

Iv ]chi il Bias
1By size % None C Single O Double

@ By number

Sizing Controls

Number of elements:

Set Creation
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Element Shape

@ Quad O Quad-dominated O Tri

Technique Algorithm Options

Minimize the mesh transition &

[Redeﬁne Region Ciornel's...]

o Defati

Step 4d: Meshing the Part

+ Element Type
Element Library Family
®Standard OExplicit  Gasket
Heat Transfer e

Geometric Order Piezoelectric
@ Linear 2 Quadratic Pore Fluid/Stress

Quad | Tii|
[ Convection/Diffusion []Dispersion control

Element Controls

There are no applicable element controls for these settings.

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

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

Cancel

Copyright © 2019 DANTE Solutions. All rights reserved.

In the pulldown menu, select Mesh = Controls
Box select the entire geometry then click Done

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

In the pulldown menu, select Mesh = Element Type
Box select the entire geometry then click Done

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

In the pulldown menu, select Mesh = Part and click Yes to

mesh the part

* There should be a total of 2304 elements

10
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Step 5: Creating Material Properties

General  Mechanical

Depwar
Begularization

User Material

User Defined Field
User Qutput Variables

Thermal  Electrical/Magnetic

il &

nt data

-

=

Data

Mass
Density
1 7.83E-06

Other

i’; Edit Material

Mame: USTXK

Drescription:

Material Behaviors

User Material

Depvar

state variables:

Variable number controlling 0=
element deletion: £

General Mechanical Thermal Electrical/Magnetic  Other

Mumber of solution-dependent gl

Copyright © 2019 DANTE Solutions. All rights reserved.

5 Edit Material

Mame: U1K

Description:

General Mechanical Thermal Electrical/Magnetic  Other
User Material

User material type: | Thermal e
[ Use unsymmetric material stiffness matrix
Data

Thermal
Constants

1 7.83E-06

3

Under Module, select Property to define material
properties

In the pulldown menu, select Material = Create and name
the material $51XX which is a specified material name in
Dante Database

Define the density by selecting General = Density and
typing in 7.83E-06 in the first cell

Define the number of Dante solution variables by selecting
General = Depvar and typing in 6 for the Number of
solution-dependent state variables

Select General = User Material and Thermal under User
material type:

In the first cell, type in 7.83E-06, hit Enter on the keyboard,
and type in -1 in the second cell to call the carburization
subroutines

Click OK to exit the window
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MName: Section-1
Category — Type
@Solid  [ERT Q
T15hall Generalized plane strain
" Beam  Eulerian
Fluid Composite
1 Other

+ Edit Section

Step 5b: Creating Material Properties

Region

Region: Set-4

Section
I N I
Section: |Section-1 ( 5 ) | %

MNote: List contains only sections

applicable to the selected regions.
Type: Solid, Homogeneous

Material: S51XX

Thickness

Assignment: @ From section Z!From geometry

Mame: Section-1

Type: Solid, Homogeneous

Material: S51XX  (2) v

CIPlane stress/strain thickness: 1

Copyright © 2019 DANTE Solutions. All rights reserved.

In the pulldown menu, select Section = Create then
select Solid and Homogenous and click Continue

Select the material $51XX and click OK to exit

To assign the section to the part, select Assign = Section
in the pulldown menu

Box select the entire part then click done

Select the section to be assigned, then click OK

12



Step 6: Creating Simulation Steps

O
dante
Module: ‘: Step v ¥ Crestetep
2 - P‘_'-“t - :'\lamrte Carl;urlz:lmi @
15 tl-.;T-l: NSErt new Step arter
Property il
sabep =l Assembly
o
b =) Il Step 0
He Interaction
" EL..]‘ Procedure type: | General e
i Load p
% [ﬁS‘\ M I Dynamic, Temp-disp, Explicit &)
2 25 Geostatic
on 4| |Optimization Mass diffusion
J_. 34 Soils
Hj‘ Fu JDI'} Static, General
Visualization Starie fike -

Sketch

Continue... Cancel

1. Under Module, select Step to define the carburizing steps

2. Inthe pulldown menu, select Step = Manager and delete
any previous steps excluding the Initial Step

3. Select Create, name the step an arbitrary name
(Carburization), select Heat transfer under Procedure
type:, then click Continue

Copyright © 2019 DANTE Solutions. All rights reserved.

< Step Manager by
Name Procedure Nigeom Time
vl |nitial {Initial} N/A MN/A

[reate.@ Nigeocm... Dismiss

13
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Step 6b: Creating Simulation Steps

e
-
Mame: Carburization

Type Heat transfer

Basic  Incrementation

Description:

Tirne period: | 10620
Mlgeorm: Off

Other

Response: () Steady-state (®) Transient

®

oK

Cancel

Copyright © 2019 DANTE Solutions. All rights reserved.

1. Set the Time period to 10620 (seconds) then click on the
Incrementation tab

2. Define the Incrementation according to the figure, then click OK

5 Edit Step X

Mame: Carburization

Type: Heat transfer

Baszic Incrementation  Other

Type: (@ Automatic () Fixed

Maximum number of increments: | 1000

Initial Minimum  Maximum @

Incrernent size: | 0.1 0.0001 500
[] End step when temperature change is less than:
Mazx. allowable ternperature change per increment: D.DDD'II

Max. allowable emissivity change per increment: | 0.1

(0]4 Cancel

14



dante’ Step 7: Define Output Requests

+ Edit Restart Requests 1. In the pulldown menu, select Output = Restart Requests
St F Int Is Overl Ti Mark
corburization reﬂ::}ﬁ"@ B R B 2. Change the Frequency to 1000 for the carburization step
then click OK
: _ 3. Inthe pulldown menu, select Tools = Set = Create to
g define a node to monitor
: c”‘t sel p 4. Name the node Monitor_Node, keep the default Geometry
Nj:::EMC""K"‘N'“'E ) checked, and click Continue

@ Geometry 'Node ZElement

5. Select an arbitrary node (The node in the upper right
Warning: Native node and element . .
sets will be invalidated corner) to be the Monitor_Node then click Done

if the mesh changes.

6. In the pulldown menu, select Output = DOF Monitor,
check the box that says Monitor a degree of freedom...,
select Monitor Node under region, and change Degree of

& RE Menar freedom to 11 then click OK
Monitor a degree of freedom ﬂ@mut the analysis

Continue... ] [ Cancel

Region: Monitor_Node ke

Degree of freedom: 111 '

Print to the message file every 1 increments

Copyright © 2019 DANTE Solutions. All rights reserved. 15




dante’ Step 7b: Define Output Requests

> 1. In the pulldown menu, select Output = Field Output Requests = Manager
Mame: F-Output-1

Delete all previous Field Output Requests and select Create

Step: Carburization

Procedure: Heat transfer

Domain: | Whote model Sl [ Bxterior only Leave default settings and click Continue

Frequency: | Every nincrements | P [ T0
2 Change the Frequency “n” to 10

Timing: COutput at exact times

Cutput Variables

In Output Variables under Thermal, select NT, Nodal temperature

(®) Select from list below () Preselected defaults () All () Edit variables

0
P [ Energy
w (W] Thermal
MT, Modal termnperature
[] TEMP, Elernent temperature

[] FTEMP, Facet temperature

[ HFL, Heat flux vector <
£ >

The rest can be set as default

N o U &~ W DN

Click OK to exit

Note: Some error indicators are not available when Domain is Whole Model or Ind

[ Qutput for rebar
Output at shell, beam, and layered section points:
(@) Use defaults () Specify:

Include local coordinate directions when available

0K @ Cancel

Copyright © 2019 DANTE Solutions. All rights reserved.
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Mame: | ALLMODES
Type @

[ ] Make unsorted set

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

Continue... Cancel

o Create Set >

Copyright © 2019 DANTE Solutions. All rights reserved.

Step 7c: Defining Output Requests

1. Inthe pulldown menu, select Tools = Set = Create, change the name
to ALLNODES, and check the Node box then click Continue

2. Box select the entire region then click done

3. This step will be used to define the initial conditions when editing the
input file

17
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Step 8: Define Boundary Conditions

% Create Interaction Property x

Mame: | Furnacd @

Type

Contact -‘\
Cavity radiaticn

Fluid cavity

Fluid exchange

Acoustic impedance W

Continue... Cancel

% Edit Interaction Property

Mame: Furnace

Type:  Film condition

Data
Film
Coeff Temp
1 0.0005 0.001
2 0.0150 0.0150

oK

Use temperature-dependent data
(4 mber of field variables: s

Cancel

Mame: | Heat_Ug

Step: | Carburization ™~
Procedure: Heat transfer
Types for Selected Step

Surface-to-surface contact (Standard)
Self-contact (Standard)

Meodel change

Fluid-Structure Co-simulation boundary
Cavity radiation

Surface radiation

Concentrated film condition
Concentrated radiation to ambient

Continue... Cancel

= Create Interaction >

Copyright © 2019 DANTE Solutions. All rights reserved.

Under Module, select Interaction to define the surface film
conditions

In the pulldown menu, select Interaction = Property >
Create

Name an arbitrary name such as Furnace, select Film
condition, then click Continue

Check the box that says, Use temperature-dependent data
and type in the corresponding film coefficients as seen in
the image to the left, then click OK

* This can also be edited in the input file
Then select Interaction = Create

Name an arbitrary name, select Carburization for the Step,
select Surface film condition, then click Continue

Select the surface(s) to be carburized then click Done

* Box select the entire part in this case

18
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& Edit Interaction X

Mame: Heat_Up
Type:  Surface film condition
Step:  Carburization (Heat transfer)

Surface: Surf-1 [,:}

Definition: Property Reference 1 (%)
Filmn interaction property: | Furnace E B
Sink definition: @Unifurm v
Sink temperature: | o.00d |

Sink amplitude: ||[Instar1taneous] F" PU

Copyright © 2019 DANTE Solutions. All rights reserved.

In the Edit Interaction window, select Property Reference
under the Definition tab

Select Furnace under the Film interaction property: tab
and set the Sink Temperature to 0.008, then click OK

19
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Step 9: Write Out Input Deck

wrike dnput

| Submit
i Contiaue

E Monitor

Name Model Type Status
/’5\
Edit. | | topy Rename. .. Deleta.

Conﬁnue".][ Cancel ]

Copyright © 2019 DANTE Solutions. All rights reserved.

=+ Edit Job
Mame: cylinder_2d_c

Model: Model-1

Analysis product: Abaqus/Standard

Description: EG{‘IS carburization proces§

Submission General Memory  Parallelization | Precision |

Job Type
@ Full analysis
Recover (Explicit)

O Restart

Run Mode

i i P Host name:
1 Background ) Queue:| : .
Submit Time

@ Immediately

Cancel

Under Module, select Job

In the pulldown menu, select Job = Manager and click

Create

Give the job a name such as simple_2d_ring_c then click

Continue

Use the default values given in Edit Job and click OK

Go back to Job Manager and click Write Input to write out

the input file to the working directory

= Job Manager

Maodel Status

‘Model-1

Name Type

 cylinder 2d ¢

Data Check

Submit

Continue |

[Create...l [ Edit... ] [Copy...] [Rename...} [Delete...]

e

Dismiss ]

20



dante Step 10: Modifying The Input File

** MATERIALS

*k 1. Open the .inp file found in the working directory to begin editing
*Material, name=S51XX . .
*Density @ 2. Under the MATERIALS section near the bottom of the file, paste
*gélsjiz;os, 1, Temperature, Carburizing Temperature

6, 2, CRBALL, Carbon All

1, Temperature, Carburing Temperature 3, CRBDA, Weight Fraction of Carbon in Carbide A Form

2, CRBALL, Carbon All . .

3, CRBDA, Weight Fraction of Carbon in Carbide A Form 4, CBDASlZE, Carbide A Size Factor

4, CBDASIZE, Carbide A Size Factor . _ 5, CRBDB,  Weight Fraction of Carbon in Carbide B Form

5, CRBDB, Weight Fraction of Carbon in Carbide B Form . .

6, CBDBSIZE, Carbide B Size Factor 6, CBDBSIZE, Carbide B Size Factor

3. Under the INTERACTION PROPERTIES section, paste
*INITIAL CONDITIONS, TYPE=FIELD, VAR=1
ALLNODES, 900.0

** INTERACTION PROPERTIES

% *Initial Conditions, type=TEMPERATURE

*Film Property, name=Reaction Factor ALLNODES. 0.002

0.0005, 0.001 !

0.015, 0.015 @ 4. Under the STEP section, type in amp=step and op=new in the

** PREDEFINED FIELDS appropriate place as shown in the image

**

** Name: CarburizingTemperature-1  Type: Field % STER: Carburization o INTERRCTICHS
*Initial Conditions, type=FIELD, variable=1 a B o ) B o - ‘ ; ,
ALLNODES, 900. -L,_Step, TlaI[‘.E—CEI]C.JIliE‘.tlD.’l, W—Djﬂ, inc=1000, amp—stepl T-u ?nteractlgn: at Up
** Name: Total CarbonWt-1 Type: Temperature (LI=FE TrfnSfEI" end=FERICD, deltmx=0.0001 @ ¥5film, GP=HEHI
*Initial Conditions, type=TEMPERATURE odby cbtizsilc s M-I, 2Ultiog Surf-1, F, 900., Furnace

Ul

L

ALLNODES, 0.002

Copyright © 2019 DANTE Solutions. All rights reserved.



dante Step 10b: Modifying The Input File

_______________________________________________

* carburization Stage 1 Under the Step Section, add
*Step, name=carburizel, inc=1000, AMP=STEP *CONTROLS’ PARAMETERSzLINE SEARCH
-l carburization process 1 6'
T oo> [T *CONTROLS, PARAMETERS=TIME INCREMENTATION
TE53 B
Y “CONTROLS, PARAGMETERS=LINE SEARCH 20’ 30
7555 K3 *CONTROLS, FIELD=TEMPERATURE,
k1Y *CONTROLS, PARAMETERS=TIME INCREMENTATIOCH
7557 LIl PARAMETERS=FIELD
PRl “CCNTRCLS, FIELD-TEMPEEREATURE, PARAMETERS=FIELD
PEEER O, 005, 0,005 00051 0005
T5a0
Toel ‘EE&&E‘ OF=HEW . . .
gELF] Exposed Surface, F, 0.0095, Reaction Factor 2. Under the Step section, add the following directly below
TEe3 R

the *Node Output definition
- *Element Output
e, TRy ST SDV1,SDV2,SDV3,5DV4,SDV5,SDV6

*Monitor, dof=11, node=Monitor Node, frequency=1

* OUTPUT REQUESTS

* FIELD OUTPUT: F-Output-1 .
3. Before moving on to the next step, please be sure there are
*Cutput, field, fregquency=10

o, no blank lines in the input file. Failure to do so may cause
*Hode Cutput

NT, the model to not run.
FElemEnt Cutput

5DV1,5DV2, SDV3, SDV4, SDVS, SDVE
*Cmtput, history, fregquency=0
*End S5tep

Copyright © 2019 DANTE Solutions. All rights reserved.



dante’ Step 11: Running the Job/Verifying the Results

m 1. Save the input and open a new Abaqus Command window
—/

B ' Abagus Command

2. Change the directory to where the input file is located using the
command “cd InputFileLocation” and press enter

- Abedus commend | 3. Then use the command “abgxxxx job=InputFileName” to run the job

C:\Users\Ferg.DCT-39\Desktop\Dante_4_0_Tutorial\Simple_Ring_Tutorial\Simple Ring_2»>abq2818 job=ring_2d_c

*  XxXxx represents the version of Abaqus

_ _ ] o 4. To open the file, go back to Abaqus Cae, under Module, select
5. With the part open in the Visualization module, check the NT11 Abaqus Visualization and open the .odb file located in the working directory
variable to see the free carbon contour.

6. As with all simulations, take a moment to check the result to ensure that
the results make sense. We expect higher carbon in the corners and a
notable carbon gradient from surface to core.

7. In the Field Output menu, one can select several DANTE solution

MT11

dependent variables to display on the contour. While the Abaqus NT11 7 5580-03
variable represents free carbon, the SDV_CBDASIZE variable will show the e a0
relative size of carbide A, SDV_CRBDA shows the percent of carbon in Hg 395803
carbide A, SDV_CRBALL will show all carbon in the part(free carbon and 100 |BE
carbides), while SDV_CRBDBSIZE and SDV_CRBDB are reserved for size of E§§§§§§§ il

carbon B and carbon in carbide B, which will soon be implemented.

Note: Carbide size above a value of 5 becomes more stabile and less likely to

decompose into free carbon.

Copyright © 2019 DANTE Solutions. All rights reserved.
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Step 12: Set up a Path Plot

Inate Report Options | Tools Plug-ins  Help K? 4= Create Path
o G ¢ AnE
Coordinate Syster » : Name: CarbonCas{
Color Code... Type
Module: |7 Visualiza Display Group ¥ lers/Jason/Desktop,’ (® Node list
XY Data 3 -
(_) Point list

...... Field Output *

g, | | " EETE  vonoe O edge st

LA L I

MName: CarbonCase 3
Type:  Mode List
Path Definition
Part Instance Node Labels (Examples: 5 5:10 5:10:2)

Rl CYLINDER_2D-1 354, 2858

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

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

0K Tip Cancel

Copyright © 2019 DANTE Solutions. All rights reserved.

-

Name: CarbonCase

Type: Mode List
Path Definition

Part Instance Node Labels (Examples: 5 5:10 5:10:2)
1 CYLINDER_2D-1

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

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

OK Tip Cancel

Spectrum (_) Circular
= B, View Cut
S Stream
Ry, oo Job Diagnostics...
ﬁ LI Movie »
2, c 5
'I‘3| ™ reate Set
o IS Customize...
3 — Options...
o M| =P
Mudu\e:‘:\ﬁsua\izatiun | Model: | C:/Users/lason/Desktop/cylinder_2d_lpc.odb 4
e
e S +1,379e-02
+1.281e-02 /
B B +1.1322-0 fart. 354 ualiza
Sy +1.0848-0 | | | I
E,;,u’“ +0 858e-0 ! l ! I
T = NT
=

ions | Tools  Plug-ins  Help K?

»

Qe ¢« RE
Coordinate System »
Color Code...

Display Group ers/Jason/Desktop/cyl

3.

A path plot is desirable for carbon in order to easily see carbon case
depths. While in the Visualization module, go to Tools = Path 2>

Create to open the Create Path dialog window. Name the path and
select a Node list and click continue to select the nodes to make the

path.

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

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

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

Field Output [ 3 Create...
Path 3
Spectrum »
View Cut [
Free Body Cut [ WRERS
Freorn > S XY Data from Path
N
lob D . Data Extraction I {
1 T
L2 ‘agnDStlcs Path: CarbonCase M
Movie * [l Model shape @ Deformed O Undeformed
Create Set [ Project onto mesh, tolerance: |0
I Point Loc
Customize... @ path points
thions... [Ainclude intersections
© Uniform spacing
0

X-Values

® True distance O X-distance O X-coordinate

O Normalized distance O V-distance O Y-coordinate

O Sequence D O Z-distance O Z-coerdinate

Y-Values

Step: 1, Carburization

Frame: 463 [Step/Frame..

Field output variable: NT11 Field Output.

Note: Result option settings will be applied

to late result values for the current
step and fram
Save As.. Plot Cancel

Yy
w

Carbon vs. Depth plot.
5. From the Report menu select S
XY... to open the Report XY Data e @

[ Append to file

window. In the XY Data tab select the

Layout: @ Single table for all XY data

data in the window, and under the [l interpolte between X velus f necessan)
. () Separate table for each XY data
Setu p ta b re n a m e th e fl |e Wh at you Page width (characters); ® No limit O Specify: |80

wish with a .xls extension to save the Pumber of sgnfiant i | o
. Number format: | Engineering [+
carbon path data. Click OK or Applyto |
Write the Carbon data to the EXCeI file. Write: [] XY data [] Column totals [] Column min/max

oK Apply Defaults Cancel

Note: See Step 13b, #1-2 for help with delimiting the data.
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S5DV_CBDASIZE
S5DV_CEDBSIZE

SDV_CRBALL
5DV_CRBDA
S50V_CRBDE

SDV_TEMPERATURE

o Abaqus/CAE 2018 [Viewport: 1]

Y.

LDEEmSE R

Free Body Cut...
Model R 3%

Session Dat; Step/Frame
=] Outp. Step: 1, Carburization
+ g Med¢  Frame: 463 Step/Frame...
£ D Spect
B XYPlt Variable Setup
B xvDa

|L, Paths

#[L] Displ| Positien: | Unique Nodal

Output Variables

Hd Freel  Click checkboxes or edit the identifiers shown next to Edit below.

é Streal

E Movi MT11: Nodal temperature
B Imag [] SDV_CBDASIZE: CARBIDESIZENORMALZIED
[] SDV_CEDBSIZE: CARBIDEBSIZENORMALZIED
[ SDV_CRBALL: ALLCARBON
[ SDV_CRBDA: CARBIDEFORMCARBON
[ SDV_CRBDB: CARBIDEBFORMCARBON
[ SDV_TEMPERATURE: CARBURINGTEMPERTAURE

Edit: | NT11

Section point:

QK Apply Defaults Cancel

= File Model Viewport View Result Plot Animate | Report Options Tod

Field Output...

- Report Field Output *
Step/Frame
Step: 1, Carburization

Frame: 463 | Step/Frame...

Variable Setup
File
NEWME PC_NodalCarbon.xlg @ Select...

[] Append to file

Output Format
(® Annotated format

[[] Separate table for each field output variable
(0 Comma-separated values (C5V) “CF

Sort by: | Mode Label  »
(®) Ascending () Descending
Page width (characters): (® Mo limit () Specify: |80
Mumber of significant digits: | &=
MNumber format: | Engineering

Data
Write: Field output Column totals Column min/max

oK Apply Defaults Cancel

Step 13: Post Processing (Write out Carbon profile)

With the part open in the Abaqus Visualization module, select
NT11 as the field to display

In the Abaqus menu, go to Report = Field Output. In the
Report Field Output window select Unique Nodal as Position:,
and check the box next to NT11:Nodal Temperature

In the same window, on the setup tab, change the file extension
to .xls in order to open the data in excel. Name the file and the
location to save to as you like, then click OK to save the file

Note: uncheck Append to file to ensure data file is unique,
and not appended to previous data.

Navigate to the directory where the carbon file is written and
double click to open in Excel

Excel will display a corrupted or unsafe file warning, ignore this
and select Yes to open the data file

Copyright © 2019 DANTE Solutions. All rights reserved.

Microsoft Excel X

I The file format and extension of 'LPC_MNodalCarbon.xls’ don't match, The file could be corrupted or unsafe, Unless you trust its source, don't open it. Do you want to open it

anyway?
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AutaSave (@ o) 9~

Step 13b: Post Processing (Saving the Carbon data)

LPC_Nodal¢,

e =

File Home Insert Page Layout Formulas Data Review View Help PDF S search
[y From Text/csv [& Recent Sources I’ = @ —~
, ) 5 G =]
[& From Web [ Existing Connections — !
Get Refresh gl’ Sort Filter Textto Flash Remove Data
Data~ = From Table/Range All~ & & Advanced | Columns Fill Duplicates Validation -
Get & Transform Data Queries & Connedions Sort & Filter Data Tc
Text to Columns
Split a single column of text into
F G H J K multiple columns.
For example, you can separate a
column of full names into separate
first and last name columns.
Vou can choose how to split it up:
fixed width or split at each comma,
period, or other character,
(@ Tellme more
Convert Text to Columns Wizard - Step 1of 3 7 X
The Text Wizard has determined that your data is Delimited. This screen lets you set the delimiters your data contains. You can see how your text is affected
in the preview below.
If this is correct, choose Next, or chaose the data type that best describes your data.
Original data type PELTER
Choose the file ty deseribes your data: O o
®{Deiimited; &rs such as commas or tabs separate each field. [ semicalon Treat consecutive delimiters as one
O Fixed width are aligned in columns with spaces between each field. [ comma e L o
Space
[ other:
Data preview
Preview of selected data:
[t t o h AR A AR A AR AR R R A A R A A KA AR A R A |
2 Field Output Report, written Fri Jul 15 12:52:14 20139 Field
Bourc
5 v M
< > <
Cancel < Back Next > Finish Cancel < Back Next > Einish
13 |Output  sorted by column Node Label.
14
—
15 |Field Qutput reported at nodes  for part: |_CVLINDER_|VZD—1
16
. "
17 Node  Label NT11 I, 1
18 @Loc 1
19 |
2D| | 1] 1.19E-02|=CONCATENATE($HS15,5G517,820,5H317,C20)
21 2| 2.00E-03 | CONCATENATE(text], [text2], [text3], [textd], [textD], [texto]
2} 22

o

3 LIBE-

02

2 1 19E. N

- P
] @ 1.19E-02{CYLINDER_2D-1. 1, 0.0118691
1 2 2.00E-03

A
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@

With the data open in excel, select the A column, and under the Data menu click
Text to Columns
In the popup window, select Delimited and click Next. In the following window
choose to delimit by Space and click Finish. This formats the data by cells in order
to easily format the text
In any empty cell add a period followed by 5 or so spaces and, in another cell,
add a comma followed by 5 or so spaces. We will use these to format the data for
the Abaqus .nod file
Abaqus requires the nodal input file to be formatted as follows:
PartName. NodeNumber, CarbonValue

Directly next to the first-nodal carbon value type “=CONCATENATE(“ and select
the appropriate cells to format the data. A sample is provided below.

Note: The S is needed to keep the cell in position. (F4 is the shortcut that will

add this character to the selected cell)
Double click on the box in the bottom-right of the cell that was just created to
apply this format the rest of the carbon data
Copy and paste this formatted data into your favorite text editor and save as a
filename with a .nod extension. (i.e.. “simple_ring_cc.nod”)

"CUALLUNL PIULLLIEE UMDE UYLLOUSD 4U 1pU
sy CYLTNDER 2ZD-1. g 0.01186%
CYLINDER_2D-1. 2, 0.002000
CYLINDER 2D-1. 3, 0.011831
CYLTINDER 2D-1. 4, 0.013787
J CYLINDER_2D-1. 5, 0.011831
CYLINDER 2ZD-1. 6, 0.002000
CYLINDER 2D-1. T 0.01186%9
=)l CYLINDER 2D-1. 8, 0.013787
CYLTNDER 2ZD-1. e 0.002000
CYLINDER_2D-1. 10, 0.011831
s§ CYLTNDER 2D-1. 11, 0.002000
CYLINDER 2D-1. 12, 0.011831
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s _IHARD
(Awg: 75%)

Copyright © 2019 DANTE Solutions. All rights reserved.

Thermal Model

I I S —— — —
[ I ]

I I I ' L L
2.0 3.0 4.0 5.0 6.0 7.0
True distance along path

8.0

——  SDV_IHARD (Avg: 75%): True Dist, along 'Path-1' w/t Intersections
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1. Once the carbon content text file has been generated, go to Module and select Part

2. Open the .cae file created for the carburization model if it is still not open

Copyright © 2019 DANTE Solutions. All rights reserved.

% Open Database

X
Directory: (2 Dante5_0_Simple Ring v & &} » 4 ek [-g-' L@l
@ .
D simple_2d_ring.cae
File Name: | | Append to layers [I]
File Filter: | Model Database (*.cae) B | Read-only

The cae carburization model will be edited to create the thermal model

28



Step 2: Defining The Steps

dante’
Medule: |5 Step [ Step 1- Heating up step
Part *Step, name=Heat-Up, amp=step, inc=1000
=+ = Furnace heat up
Property *Heat Transfer, end=PERIOD, deltmx=30.
B o W Assembly 1., 1000., 1e-06, 100., @
11oap EEE
0. Interach Step 2: Carburization step
:Ei == nteraction *Step, name=Carburization, amp=step, inc=1000
Load Carburization process
4= Mesh *Heat Transfer, end=PERICD, deltmx=30.
L= 1., 10620., le-0&, 500.,
n‘IDIJ n Optimization
4 lob Step 3: Air transfer step
(Y2 Visualization *S5tep, name=Air-Transfer, amp=step, inc=1000
+ ‘,¢\‘ Transfer from furnace to guench tank
4.4 T Sketch *Heat Tramnsfer, end=FERICD, deltmx=30.
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0.01, 1Z., 1le-05, 1.,

Step 4: Immersion quenching step

#*Step, name=Immersion—-Quench, amp=step, inc=1000
*Heat Transfer, end=PFERICD, deltmx=30.

0.001, 5., 1le-0&, 1.,

Step 5: Qil quenching step

#*5tep, name=0il-Quench, amp=step, inc=1000
0il guench to &5 C

*Heat Transfer, end=PERICD, deltmx=30.
0.001, 1000., le-05, 50.,

Step 6: Air cooling to room temperature

*Step, name=Air-Cool, amp=step, inc=1000
Lir cool to room temperature

*Heat Transfer, end=PERICD, deltmx=30.
1., 1500., le-05, 100.,

1. Under Module, select Step to define the heat transfer analysis steps

2. Inthe pulldown menu, select Step = Manager and delete the
Carburization step

3. A Heat-Up, Carburization, Air-Transfer, Inmersion-Quench, Oil-
Quench, as well as an Air-Cool step will be created

4. In Step Manager, click Create
5. Name the first step Heat-Up, select Heat Transfer, and click Continue

6. The same procedure will be used for each step with the only difference
being the Name of the Step, Time Period, and Increment Size

e Values such as Max Increment and Max allowable
temperature/emissivity change will stay the same in this instance

 The names and values for the 6 steps are shown on the following
2 slides as entered in the Edit Step boxes

NOTE: If step 4: Immersion quenching step is not desired, do not add the step and
film quench text file in Step 9. The Dante Model Builder plugin tutorial does not
include this step. If desired, follow that tutorial, write the input file from the plugin
and then follow these steps to add immersion quench.



<& Edit Step

Name: Heat-up

Description: ‘ Furnace heat up

Response: () Steady-state (@) Transient

<= Edit Step

Name: Carburization

Description: |Carburizn‘tion Process

Response: () Steady-state (®) Transient

& Edit Step
Name: Air-Transfer
Type: Heat transfer

Basic  Incrementation Other

Description: | Transfer from furnace to quench tank

Response: () Steady-state (®) Transient

Type: Heat transfer
Basic Incrementation  Other
Type: @ Automatic O Fixed

Maximum number of increments:

Initial Minimum  Maximum

Increment size: |1 [l1es  ||100 |

[] End step when temperature change is less than: _
Max. allowable temperature change per increment: ICI
Max. allowable emissivity change per increment:

Type: (® Automatic O Fixed

Maximum number of increments:

Initial Minimum  Maximum

Increment size: | 1 [1es /500 |

[ End step when temperature change is less than: _
Max. allowable temperature change per increment: E
Max. allowable emissivity change per increment:

Lok |

Nigeom: Off ./ Nigeom: Off Nigeom: Off

Lok Lok Lok
& Edit Step 4% Edit Step <& Edit Step
Name: Heat-up Name: Carburization Name: Air-Transfer

Type: Heat transfer

Basic ||

Type: (® Automatic O Fixed

Maximum number of increments:

Initial Minimum  Maximum

Increment size: |0.01 [tes |11 |

[ End step when temperature change is less than: _
Max. allowable temperature change per increment: E
Max. allowable emissivity change per increment:

Copyright © 2019 DANTE Solutions. All rights reserved.
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& Edit Step

Name: Immersion-Quench

Type: Heat transfer

Description: | Lower part inte quench

Response: () Steady-state (® Transient

& Edit Step

Name: Qil-Quench
Type: Heat transfer

Description: | Oil Quench to 65 C

Response: () Steady-state (® Transient

& Edit Step

Name: Air-Cool

Description: | Air cool to room temperature

Response: () Steady-state (® Transient

Name: Immersion-Quench

Maximum number of increments:

Initial Minimum  Maximum

Increment size: (0001 |[1e6 1 \

[] End step when temperature change is less than: _
Max. allowable temperature change per increment: D‘
Max. allowable emissivity change per increment:

Name: Qil-Quench
Type: Heat transfer

Type: ® Automatic ) Fixed

Maximum number of increments:

Initial Minimum  Maximum

Increment size: |0.01 [1e5  [[50 \

[] End step when temperature change is less than: _
Max. allowable temperature change per increment: D‘
Max. allowable emissivity change per increment:

ok

Nigeom: Off Nigeom: Off Nigeom: Off
Lok | Lok | Lok |
& Edit Step & Edit Step & Edit Step
Name: Air-Cool

Type: Heat transfer

Basic [

Type: ® Automatic ) Fixed

Maximum number of increments:

Initial Minimum  Maximum

Increment size: |1 [[1es /100 \

[] End step when temperature change is less than: _
Max. allowable temperature change per increment: D‘
Max. allowable emissivity change per increment:

Copyright © 2019 DANTE Solutions. All rights reserved.
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Step 3: Changing Output Definition

&= DOF Monitor *

EMu:unitur a degree of freedom throughout the analysis!

Region: Monitor_MNode [}@
Degree of freedom: | 11

Print to the message file every | 1 increments
oK Cancel
%+ Edit Restart Requests /_\ *x
Step Frequw Intervals Overlay Time Marks
Heat-Up 1000 0 [}
Carburization 1000 0 O
Air-Transfer 1000 0 O
Immersion-Cuench 1000 0 O
Qil-Quench 1000 0 O
Air-Cool 1000 0 [}
oK Cancel

= Edit Field Output Request X

Mame: F-Output-1
Step: Heat Up

Procedure: Heat transfer

Domain: | Whole model ~| [] Exterior only

Frequency: | Every n increments ~| o 10

Timing: Output at exact times

Output Variables

(®) Select from list below () Preselected defaults () All (O) Edit variables
NT

} |:|DispIacement.a'\u‘elocit)r,a'AcceIeration
p [ Contact
P [Energy
w [ Thermal

[ FTEMP, Facet temperature

[ HFL, Heat flux vector v
£ >

Note: Some error indicators are not available when Domain is Whole Model or Inf
[] Output for rebar
Output at shell, beam, and layered section points:

(®) Use defaults (O Specify:

Include local coordinate directions when available

QK Cancel
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In the pulldown menu, select Output = DOF Monitor and
check Monitor a degree of freedom throughout the
analysis

Select Monitor_Node which was created during the
carburization model

Change the Degree of freedom to 11 and click OK

In the pulldown menu, select Output = Restart Requests
and change the Frequency for each step to 1000, then click
OK

Next, in the pulldown menu, select Output = Field Output
Requests = Manager and click Edit for the Heat-Up step

Change the Frequency “n” to 10 and select the NT option



dante’ Step 4: Defining Thermal Material Properties

4= Edit Material ®
MName: 531X
Description: 2

Material Behaviors

Density

Depvar

General Mechanical Thermal = Electrical/Magnetic  Other o
User Material

User material type: | Thermal hd

[ Use unsymmetric material stiffness matrix

Data

Thermal

Constants
1 7.83e-06
2 0
3 0.5 @
4 0.5
5 0
6 0
7 0
8 0
9 .20
0K Cancel
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Under Module, select Property

In the pulldown menu, select Material 2 Manager and click Edit on the corresponding

material (S51XX)

select General = Depvar and replace 6 with 133 under Number of solution-dependent state

variables:

Select User Material and enter 7.83E-06, 0.0, 0.5, 0.5, 0.0, 0.0, 0.0, 0.0, 250, -1, 0.0635, -1,
0.8,0.22,0.15,0.8,0.04,-1,-1,-1,-1,-1,-1,-1,-1, -1, -1 into cells 1-27. Cell 1 is the density,
cell 2 is a flag to indicate a thermal model, cells 3 — 8 represent the initial microstructure, cell 9
represents the initial tempered martensite tempering temperature (if applicable), and cells 10
— 27 represent the alloy composition of the material. Please see the help file for more

information on these values. Then click OK.

3¢ Edit Material b
MName: 531XX
Description: >

Material Behaviors

Density

General Mechanical Thermal Electrical/Magnetic  Other ¥

Depvar @
Mumber of selution-dependent

s 172
state variables:

Variable number controlling ole
element deletion: 2
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Mame: Outer_Surfac{
Type
O] Geometry () Mesh

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

Continue... Cancel

4= Create Surface *

Step 5: Applying Thermal Boundary Conditions

5 Create Interaction Property X

Mame: | Furnace

Type

Cavity radiation
Fluid cavity
Fluid exchange

Acoustic impedance v

Continue... Cancel

Data

Mame: Furnace

Type:  Film condition

Use termperature-dependent data
<6 mber of field variables: 0=

Film
Coeff
0.0002

0.0008

oK

{} Edit Interaction Property

Temp
20

1000

Cancel
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o air-cool
0.00011, 37
.000129, &S
.000143, 83
000162, 12

.000197, 17
.000237, 23

.000335, 34

.000458, 45
.000533, 50
.000616, 56
.000708, 62
.000811, 67

0O D0 00000000000

o Air-transfer
0.000237,
000283,
.000335,
.00010,
00010,
.0000%9,
00008,
00008,

[T T B o T T Y o

o furmace
0.0002, 20.

Q.

.000178, 148.

8
6.
1.

-

000283, Z87.

3.

.000393, 398.

8

4.
9.
5.
0.

6. ::
231.
287,
343.
400.
500.
565.
620.
850.0

0.0008, 1000.

o oil -guench
0.0001, 20.
0005, 150.
.0015, 300.
.002, 400.

.005, 500.
.005, 550.

.003, &50.
.00z, 7F00.
.0015, 750.
.0013, 800.

[ T e Y e e T e T e T e e Y

.00375, 450.

.00475, &00.

Under Module, select Interaction

Define the outer surface by selecting Tools = Surface = Create
in the pulldown menu

Name the surface Outer_Surface, check Geometry, click
Continue, box select the entire region, and then click Done

Go to Interaction = Property = Manager and delete any
previously created Interactions

Click Create, name the first Interaction Property, Furnace, select
Film Condition, and click Continue

Check Use temperature-dependent data and input the provided
values for the Furnace step. The Air-Cool, Air-Transfer, Furnace,
and Oil-Quench film condition follows the same steps with the
data provided to the left. Each row contains one data pair, with
the first number being the Film Coefficient and the second
number being the Temperature.
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dante’ Step 5b: Applying Thermal Boundary Conditions

7 Creste nteacten X || 5 Reglon seection “11. Inthe pulldown menu, select Interaction = Manager and

MName: | Int-2 Eligible Surfaces . o . .

e [Foa e @ o delete any previous Interactions if applicable

Procedure: Heat transfer Mame filter: "Q"

Types for Selected Step Name — 2. Click Create, select the first step Heat-Up, select Surface
YP

Surface-to-surface contact (Standard) ] ey 0 . .
Selt-contact (Stomciad) W film condition, then click Continue

Model change
Fluid-Structure Co-simulation boundary 3

i . Select the predefined surface called Outer_Surface and
[ Highlight selections in viewport Click Continue

Surface radiaticn

Concentrated film condition Continue... Dismiss
Concentrsted reciation to ambient 4. Select Property Reference in the Definition tab, select the
% Edit Interaction X corresponding Film Condition (Furnace), write in 900 for
Cancel Name: Int-1 Sink temperature, then click OK

Type:  Surface film condition
Step: Heat-Up (Heat transfer)

Surface: Cluter_Surface

Definition: Property Reference  ~|  f(x)

Film interaction property: | Furnace “ B

Sink definition: @Unifnrm e |

Sink temperature: 90q

Sink amplitude: (Instantaneous) e ni
Ok Cancel
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dante’

s
LS

Name Initial Heat-Up Carburization Air-Transfer Immersion-Q Qil-Quench  Air-Cool Edit... @

v Int-1 Created Propagated QEGIELEICEN Propagated  Propagated  Propagated

<

Step procedure:  Heat transfer
Interaction type:  Surface film condition

Interaction status: Propagated from a previous step

Create... Copy... Rename...
o= Edit Interaction )4
Mame: Int-1
Type:  Surface film condition
Step:  Air-Transfer (Heat transfer)
Surface; Cuter_Surface
Definition: Property Reference

Film interaction property: | Air-Transfer
Sink definition: Uniform
Sink ternperature: 400

Sink amolitude: {Instantaneous]

0] 4 Cancel

o

» || Deactivate

Dismiss

Step 5c: Applying Thermal Boundary Conditions

1. Inthe Interaction Manager window, highlight the next step

with a different thermal BC and click Edit (Air Transfer)

2. Change the Film interaction property as well as the Sink

temperature to the correct conditions

3. Repeat these steps for the Oil-Quench and Air-Cool steps.

 Immersion-Quench will not be edited

Copyright © 2019 DANTE Solutions. All rights reserved.

% Edit Interaction

Mame Int-1

x

Type:  Surface film condition

Step:  Oil-Cuench (Heat transfer)

Surface; Cuter_Surface
Definition:

Film interaction property:
Sink definition:

Sink ternperature:

Sink amolitude:

QK

Property Reference

Gil-Quench v B

& Edit Interaction

Mame: Int-1
Type:  Surface film condition
Step:  Air-Cool (Heat transfer)

Surface; Cuter_Surface

Definition: Property Reference

Film interaction property: | Air-Cool

Uniform <3>mk definition: Uniform

75
{Instantaneous] e r'u

Cancel

Sink ternperature: 20

Sink amolitude: {Instantaneous]

0] 4 Cancel

o
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{: Predefined Field Manager

Module: |5 Load
| Part
L E Property
ET.J E Assembly
| | step

5,00 | |Job

Sketch

Optimization

Eb == Interactinz
[btl :=| | [Mesh

i‘

4

Visualization

Name Initial

Create.. @

Readln_Carbon

®

HeatUp

HPGQ_15BAR AirCool

Dismiss

Step: | Initial

Category
() Mechanical
(®) Other

Mame: | Predefined Field-1

®

Types for Selected Step

Material assignment
Initial state
Saturation

Woid ratio

Pore pressure

Fluid cavity pressure
Field

Cancel
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— Regicn Selection

Eligible Sets

Sets below may contain vertices, edges, faces, cells or nodes,

Mame filter:

Name
ALLNODES
Meonitor_Mode
Ring_2d-1.5et-4

|
<

_‘Q’_

Type

Highlight selections in viewport

Continue...

Dismiss

Step 6: Changing Initial Temperature Condition

1. Under Module, select Load

2. Create an ALLNODES set if not currently present (Tools 2 Set =

Create)

3. Inthe pulldown menu, go to Predefined Field = Manager and
delete any Predefined Fields that remain.

4. Click Create, select Initial under the Step: tab, check Other, select
Temperature and click Continue

5. Select ALLNODES and click Continue

6. Type 20 in Magnitude to represent initial temperature then click

OK, then Dismiss

MName:  Predefined Field-1
Type:  Temperature
Step:  Initial

Region: ALLMODES

4= Edit Predefined Field

Distribution: Direct specification

Section variation: Constant through region

Magnitude: 20

oK Cancel

e

fix)

55 Predefined Field Manager

Name Initial HeatUp

t/ Predefined Field-1 Computed

<

Predefined Field type: Temperature
Predefined Field status: Created in this step

Create... Copy...

ReadIn_Carbon
Computed

Rename...

HPGQ_15BAR
Computed

Delete...

AirCool Edit...
Computed

Dismwss@
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_ -
Module: |5 Load -

[|Part Name Model Type Status
Property

E—.? Assembly

Step
/- Interaction

E;h Mesh :
i Optimnization
., 0 | |Job

Visualizati
ﬁl’ isualization
Sketch

Create...

o= Create Job >

Marme: | Simple_Ring_2d_t @

Source: | Model e

Continue... Cancel
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Dismniss

A

Step 7: Writing Out the Input File

Under Module, go to Job

In the pulldown menu, select Job = Manager and click Create

Name the job Simple_Ring_2d _t, then click Continue

Use the default values and click OK

Click on Write Input to write out the .inp file to be edited

5 Job Manager >
Name Model Type Status
Simple_Ring_2d_t Model-1 Full Analysis Mone Data Check
Submit
Monitor...
Fesults
Create... Edit... Copy... Fename... Delete... Dismiss

N\
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Step 8: Editing The Input File

*Material, name=S51XX
*Density
7.83e-06,
*Depvar
133,
al DEFWF_CARB,
2, HARDNESS,
4, DEFWF_NITROGEN,
21, VF_AUSTENITE,
34, VF _FERRITE,
47, VF PEARLITE,
60, VF UBAINITE,
73, VF LBAINITE,
86, VF MARTENSITE,
99, VF TMARTENSITE,

102, WF CARB AUST,

103, WF_CARB FERR,
104, WF_CARB_PEARL,
105, WF  UBAIN,
106, WE CARE LBAIN,

107, WF_CARB_MART,
108, WF_CARB_TMART,
109, DEFWF_CEDA,
110, DEF CBDA SIZE,
113, DEFWF_NTDA,

114, DEF NTDA SIZE,

7.83e-06, 0., 0.3,
250., -1., 0.0635,
0.04, =flo =flo

-1, -1, -1.

Defined Nascent Carbon Weight Fraction
Total Hardness

Defined Nascent Nitrogen Weight Fraction
Volume Fraction of Austenite

Volume Fraction of Ferrite

Volume Fraction of Pearlite

Volume Fraction of Upper Bainite

Volume Fraction of Lower Bainite

Volume Fraction of Martensite

Volume Fraction of Tempered Martensite
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 in Carbide A
Defined Carbide A Size Factor

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

*User Materigl, c;nstants=27, type=THERMAL

0.7, 0., 0., 0., 0.
Hlo 0.8, 0.22, 0.15, 0.8
o, o, o, o, £l
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1. Once the input file has been opened, go to the MATERIALS section and
define the Solution-Dependent State Variable (SDV) to be analyzed as
shown below. Simply copy and paste the text below into the input file.

1, DEFWF_CARSB, Defined Nascent Carbon Weight Fraction
2, HARDNESS, Total Hardness

4, DEFWF_NITROGEN,
21, VF_AUSTENITE,

Defined Nascent Nitrogen Weight Fraction

Volume Fraction of Austenite

34, VF_FERRITE, Volume Fraction of Ferrite

47, VF_PEARLITE, Volume Fraction of Pearlite

60, VF_UBAINITE, Volume Fraction of Upper Bainite
73, VF_LBAINITE, Volume Fraction of Lower Bainite

86, VF_MARTENSITE,
99, VF_TMARTENSITE,
102, WF_CARB_AUST,
103, WF_CARB_FERR,
104, WF_CARB_PEARL,
105, WF_CARB_UBAIN,
106, WF_CARB_LBAIN,
107, WF_CARB_MART,
108, WF_CARB_TMART,
109, DEFWF_CBDA,
110, DEF_CBDA_SIZE,
113, DEFWF_NTDA,
114, DEF_NTDA_SIZE,

Volume Fraction of Martensite
Volume Fraction of Tempered Martensite
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 in Carbide A
Defined Carbide A Size Factor
Defined Nitrogen Weight Fraction in Nitride A
Defined Nitride A Size Factor
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1. Go tothe PREDEFINED FIELDS section of the file
and add the initial conditions as seen in the
image to the right

2. Next, in the Carburization step, add the two
lines as seen in the bottom right to simulate the
addition of carbon

* The file name given in the INPUT must be
the same as the .nod file name in the
working directory created during the post
processing of the carburization model

Copyright © 2019 DANTE Solutions. All rights reserved.

Step 8b: Editing The Input File

* PREDEFINED FIELDS

* Hame: Predefined Field-1 Type: Temperature
*Initial Conditions, type=TEMPERATURE
ALLMODES, 20.
*Tnitial Conditions, type=Field, VAR=1
ALLHNODES, -4
*Initial Conditions, type=Field, VAR=3
ALLMCDES, 0.002
*Tnitial Conditions, type=Field, VAR=12
ALLMODES, 0.0

__________________________________________________

*% STEP: HeatUg

*Step, name=HeatUg, nlgenm=ND, inc=1000, amp=step
*Heat Transfer, end=PERICD, deltmx=30.
0.01, 1800., le-0&, 1800.,

BN “* STEP: Carburization

*Step, name=Carburization, nlgeum=HD, inc=1000,
*Heat Transfer, end=PEEIOD, Eﬁﬁﬁﬁﬁ=30'

1., 10&620., S5e-0&, 500.,

*FIELD, OP=NEW, VAR=3, IHPUT=simplE_Iing_cc.nDd@
*Cfilm,

EERg ** OUTPUT REQUESTS

40



dante’ Step 9: Editing the Input File Cont.

1. Inthe Immersion-Quench step, add the two lines as seen to the left

¥* STEP: Immersion-QOuench

2. Add an *inc=1000 to the any *Step without an increment defined

*Heat Transfer, end=PERIOD, deltmx=30. * ...
0.001, 5., le-06, 1., 3. For each *Step definition, add amp=step at the end except for

|;;f- 1 @ Carburization where amp=ramp will be added

'Sfilm,

Outer Surface, FNU
* OUTPUT REQUESTS 4.

*Step, name=Immersion-Quench, nlgenm=ND, inc=f000, amp—step

For each *Sfilm definition, add op=new at the end of the line

5. Next, in each step, add the 3 lines shown below to output the Solution-
Dependent State Variables (SDV) defined earlier

* STEP: Heat-Up

*Heat Transfer, end=PERIOD, deltmx=30.
1., 1000., le-0&, 100.,

*Step, name=Heat-Up, nlgeum=ND, inc=1000, amp—StCe
@) *Element Output, directions=YES

SDV1, SDV2, SDV4, SDV21, SDV34, SDV47, SDV60, SDV73, SDV86, SDV99, SDV102, SDV103

¥% STEP: Carburization

B SDV104, SDV105, SDV106, SDV107, SDV108, SDV109, SDV110, SDV113, SDV114

*Step, name=Carburization, nlgenm=ND, inc=1000, amp=ramg

iy 2t Transfer, end—PERIOD, geirmx=s0. * Make sure to write out this line directly after *Node Output line
FYSEY 1., 10620., 5=-06, 500.,

*Restart, write, frequency=1000

* INTERLCTTIONS
* FIELD OUTPUT: F-Output-1

% Tnteraction: -1 *Qutput, field, frequency=10

q *Node Output
X
Sfilm, bp=new |
Outer Surface, F, 900., Furnace |[Element Output, directions=YES

- SDV1, SDV2, SDV4, SDV2l, SDV34, SDV47, SDV60, SDV73, SDVSE, SDVe9, SDV102, SDV1O03
SDV104, SDV105, SDV106, SDV107, SDV108, SDV109, SDV110, SDV113, SDV1l4

*Output, history, frequency=0
*Node File, FREQ=1

NT
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dante’ Step 9b: Editing The Input File

S

=]
»
»

1%

=
»
=

(o

1y

8]

i

19
[¥5]
»

STEP: Heat-Up

1. Add the lines as seen in the image to the left to the first step

ELEEY *Step, name=Heat-Up, nlgeorf;ND, inc=1000, amp=step

kL3l “Heat Transfer, end=PERICD, deltmx=30. . . .

R 1. 1000, 1c-06, 100., * These lines will help with convergence

4887 Jaid

Elit:tid *CONTROLS, PARARMETERS=LINE SEARCH @ . . . .

ases B 2. Also add the lines seen in the image to bottom right to every
MY *CONTROLS, PARAMETERS=TIME INCREMENTATION . . .

e 20, so0 step to output the Nodal Temperatures which will be used in the

Eliikd *CONTRCLS, FIELD=TEMPERATURE, PARAMETERS=FIELD

YE1%Y 0.05,0.05, stress model

48594 R

ELLR ** TNTERACTICNS
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19
¥a]
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{fa]
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[¥a]
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&
&
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&
&
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&
&
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&
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Y
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= O

Y

14
L7s]

*Sfilm, cp=new
Cuter Surface, F, 900., Furnace

Interaction: Intc-1

*% QUTPUT REQUESTS
*Restart, write, frequency=1000
*Monitor, dof=11l, node=Monitor Node, freguency=l

e o

OUTPFUT REQUESTS

*% FIELD COUTPUT: F-Output-1

*Output, field, frequency=10

*Node Output

=l HT,

*Element Cutput

5DVl, SDvz, sSDv4, S5DVS, 5DVe, S5DvVT, SDvVs, 5DvVe, 5DvVzZl, SDV34, 5DV47, 5DVe0, SDV73, 5DVEe, S5DVSS9, SDVLILTY
*Cutput, history, Ifreguency=0

*NODE FILE, FREQ=1
NT @
*End Step

** STEP: Carburization

Copyright © 2019 DANTE Solutions. All rights reserved.
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dante’ Step 9c: Editing The Input File

B 1. The Immersion-Quench Text File must be prepared in order to simulate Immersion Quenching

** 1: Linear Quench (Immersion or Spray)
** 2: Rotational Quench (Spray)
** 3: Gas Quench

2. Thisfileis included in the directory with this tutorial
AR 3. The file name must have the format

*5TART_SURFACE

*SURFACE_NAME

@ “ModelName “+ “_ “+ “FILM-QUENCH.TXT”

#%—-Direction of immersion (0,0,0)-->(x1l,yl,Zl)-—————————-———v
*QUENCH_DIRECTION
0.0, -1.0, 0.0

i e following this tutorial’s naming, Simple_Ring_2d_t_FILM-QUENCH.TXT

3. The file must be in the same working directory as the input file

*QSTART LINE
0.0

*+ Negative number means infinity

e 4. Be sure to check the Immersion-Quench Text File so that the values and definitions in both
the Input File and the Immersion-Quench File match. (such as the outer surface name)

*+--Imbient temperature of Rir

e T T m— 6. Save the input file and submit the job through the command line using the same method as
gy e e the carburization model.
e 7. To open the file, go back to Abaqus Cae, under Module, select Visualization and open the

.0db file located in the working directory

8. As with all simulations, take a moment and check the results to ensure that they make sense.
We expect temperatures to reach 900°C at the end of Heat-Up, and ~20°C at the end of air
cool

e

Copyright © 2019 DANTE Solutions. All rights reserved.
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SDV_HARDN]

MT11
SDV_AUSTENITE
S50V_CARBOM

SDV_FERRITE °
SDV_HARDMESS
SDV_LBAINITE
SDV_MARTENSITE

SDV_PEARLITE
SDV_UBAIMITE

SDY_HARDNESS
(Avg: 75%)

+4.8520+01
+4.643e+01
+4.433e+01
+4.2240+01
+4.015e+01

+3.3868+01
+3.177e+01
+2.968e+01
+2,758e+01
+2.540e+01
+2.340e+01

Copyright © 2019 DANTE Solutions. All rights reserved.

o= X¥ Data from Path >

Data Extraction
Path: case to core ~
Madel shape: (@) Deformed () Undeformed
[ Project onto mesh, tolerance: |g
Point Locations:

(®) Path points

Includeintersectinn@
() Uniform spacing

-

10 -

iy
X-Values
(®) True distance () ¥-distance () ¥-coordinate
() Mormalized distance () Y-distance () ¥-coordinate
() Sequence ID (0) Z-distance () Z-coordinate :Q:

Y¥-Walues
Step: 4, AirCool
Frame: 3 |Step/Frame...

Field output variable: 5DV_HARDMESS (Avg: 73%) |Field Output...

Note: Result option settings will be applied
to calculate result values for the current
step and frame.

Save As... Plot Cancel

Step 10: Verifying the Results/Path Plots

In the Field Output menu, one can select several
DANTE solution dependent variables to display on the
contour. While the Abaqus NT11 variable represents
temperature in the thermal model, one could also
display hardness, carbon, austenite, ferrite, upper
and lower bainite, pearlite, martensite, and if the
kinetics are set for it(-10 or -11), tempered
martensite

A path plot of the hardness or phases is often
desirable to see harness vs. depth to ensure good
wear/fracture protection. Set up the case to core path
the same way as in the carburization post-processing
With the path defined, go to Tools-> XY Data->
Create to open the Create XY Data window. Choose
Path and click continue. In the XY Data from Path
window that opens, ensure that the path that was
created is selected and check the box that states
Include intersections to include every node along the
path. Finally, click plot to show the Hardness vs.
Depth plot

To plot a different variable, select the desired field in
the XY Data from Path window. One can also plot the
fields at a different time than the end of the process
by selecting the desired step and frame in the same
window
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Save Plot Dismiss
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-i s
Tools Plug-ins Help N7 ¢ Create XY Data >
Query...
| HIEA
Coordinate System » So
Color Code... [,—.J; 800. |
Display Group P [LPC_HPGO_todb il
1 voa o v ® ODB field output
Field Output > 2 O Thickness %
Path 3 Edit S
" () Free body £ aan.
. Spectrum 3 Copy @
View Cut 3 Rename 3 ) Operate on XY data
Free Body Cut 3 Delete s O A5 file 200.
Stream [ 3 Plot *
Job Diagnostics... Copy to ODB... » O Keyboard -
Mavie > () Path X 1a EX] EX] 40 [¥1.E3]
i Time
k regte Set
¢ —— NT11PI: CYLINDER_20-1 N: 2730
ustomize... =
—— Continue... Cancel
Options...
% XY Data from ODB Field Output X
MT1l S XY Data from QDB Field Output x
Steps/Frames +2.01B8+01
Note: XV Data will be extracted from the active steps/frames Active Steps/Frames... iggigeigi Steps/Frames
+2:D1E§S+D 1 Note: XY Data will be extracted from the active steps/frames Active Steps/Frames...
Variables  Elements/Nodes :ggiggigi
i +2.0188+01 Variables Elements/Nodes
Output Variables +2 01Be+01 Selection
+2.018e+01
Puosition: | Unique Modal +2‘0132+01
5 0180401 Method Add Selection| | Delete Selection
Click checkboxes or edit iers shown next to Edit below. +2.017e+01 - "
+2,017e+01 Pick from viewport (B se|ect nodes in viewport
NT11: Nedal temperature Node labels
[ SDV_AUSTENITE: VOLUMEFRACTIONOFAUSTENITE Node sets
Internal sets
[] sDV_CARBON: VOLUMEFRACTIONOFCARBON
[] SDV_FERRITE: VOLUMEFRACTIONOFFERRITE
[] SDV_HARDMESS: HARDMNESSINROCKWELLC
[] SDV_LBAINITE: VOLUMEFRACTIONOFLOWERBAINITE
[ SDV_MARTENSITE: VOLUMEFRACTIONOFMARTNSITE
[] SDV_PEARLITE: VOLUMEFRACTIONOFPEARLITE
[] SDV_UBAINITE: VOLUMEFRACTIONOFUPPERBAINITE
Y
Edit: |NT11 n X
[J Highlight items in \@
Section point:
Save Plot Dismiss

Step 11: Post Processing (History Plot)

Temperature history is another useful tool for
post processing a thermal file as one can follow
a node through the entire thermal history of a
process in order to get an understanding of
temperatures and cooling rates on that
node/section.

In the drop-down menu select Tools = XY
Data = Create to open the Create XY Data
window. Select ODB field output and click
continue.

At the top of the following window one can
change which active steps or frames they desire
to be plotted; default is all.

For temperature, Select Unique Nodal in the
output variables section, and check the box
next to NT11: Nodal Temperature.

In the Elements/Nodes tab, check that you are
on pick from viewport and click Edit Selection.
Select the node to be plotted and click Done, or
middle mouse click, in the viewport.

Click plot in the XY Data from ODB Field Output
window to show the thermal history of that
node throughout the process.

Note: Exporting this data to plot in excel follows the same
method as saving the carbon .nod file in the previous
section. (Report -> XY ...) 45
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Stress Model

=, Mises
(Awg: 75%)
533,037
429,443
445,249
402,255
352661
215,067
271.473
1 557875
154,285

140,691
97.097
53,503
9,910
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Step 1: Importing Thermal Model

S Abaqus/CAE 2018 [Viewport: 1]
=l | File Model Viewport View
Mew Model Database [
Open... Ctrl+0
Metwork ODB Connector [
M Cloze QDEB...
Set Work Directory...
g Save Ctrl+5
B: Save fs...
Compress MDE...
Save Display Options...
Save Session Objects...
Load Session Objects...

|

Export

4
=3

Bun Script...

Macro Manager...

Print... Ctrl+P
Abaqus PDE...

1 G/ fsimple_ring_t.odb

2 C/../ring_2d_c.odb

3 Cf.ring_tutorial_c.cae

4 G/ Simple_Ring_2d_t.odb
Exit Ctrl+

Instance  Constraint
FTO

b ¢ WL BT

Module: [/

e B

Erlh'
& oL

@

I

Ir,

Fis
Sketch...

Part...
Assembly...

In the pulldown menu, select File = Import = Model

Change the File Filter option to Abaqus Input File and

import the thermal input file

1# Import Model

Directory:| [ Simple_Ring_Model ol s = P

@.
D Simple_20_Ring_c.inp

File Mame: | Simple_20_Ring_tinp

File Filter: |Abaqus Input File If*.inp,*.pes:l@ ot

oK

Cancel

Copyright © 2019 DANTE Solutions. All rights reserved.
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Step 2: Redefining Element Type

Module: |5 Mesh ~  Model

= Simple_2D_Ring_t

Object: ) Assernbly (O] Pﬁt:_& SIMPLE_2D_RIMG

Mesh Adaptivity Feature Tools

Controls...

COrientation [
'm_

Global Mumbering Control...
Part...

Eegion...

Delete Part Mative Mesh...
Delete Region Mative Mesh..,
Create Bottom-Up Mesh...
Associate Mesh with Geometry...
Delete Mesh Associativity...
Edit...

Create Mesh Part...

Verify...

W]

O, O
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N\ 2.

Under Module, select Mesh and Part for the Object option

In the pulldown menu, go to Mesh = Element Type, box
select the entire region then click Done

Select Axisymmetric Stress under Family, uncheck Reduced
Integration, leave the rest of the options as default, and
click OK.

d= Element Type

Library Family

Geometric Order Cohesive

@® Linear () Quadratic Cohesive Pore Pressure

Element Controls

Hourglass stiffness:

Viscosity: (®) Use default () Specify
Second-order accuracy:

Distortion control:
£
CAX4: A d-node bilinear axisymmetric quadrilateral.
MNote: To select an element shape for meshing,

select "Mesh-» Controls” from the main menu bar.

0K Defaults

Sardd O bl Acoutc
Axisymmetric Stress e

Quad @
[ Hybrid formulation Reduced integration [] Incompatible modes

Cancel
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dante’ Step 3: Editing The Steps

& - 1. Under Module, go to Step

Name Procedure MNlgeom Time

(Pl |nitial {Initial} M A M/A

N

In the pulldown menu, select Step = Manager and delete all the
thermal steps previously defined

3. In Step Manager, click Create, name the step the same as the

T thermal model, and select Static, General
' ' 4. Use the same Time Period, Max Increments, and Increment Size

Module: |2 Mesh ] [2 crestestep X as the thermal model leaving the rest of the options as default
| Part ame: |Hea o e .
o [ pfnpm Ths :“"I& 5. The values for the remaining steps are shown on the next 2 slides
4 a NSErt New steg arcter
iy [l |[Assembly il & Editstep x & catsep x

Narne: Heat Up Mame: Heat Up

?@ - Type: Static, General
@ + ||Interaction s
Basic | Incrementation  Other
& LDad Description: 3
Mesh Time period: | 1000 @ Maximum number of increments: | 1000
Optimizatil:ln Initial Minimum  Maximum @

@ Off . - . "
Procedure t}rpe: General hos Nigeom: (This setting controls the inclusion of nonlinear effects 0.000001 100

O on of large displacements and affects subsequent steps.) Increment size: | 1

a
g B [
ﬂJ =e= . . . Geostatic 2 Automatic stabilization:  Nene M
Yisualization Hest tramsh

eat transrer

i lls ||Sketch

ar Mass diffusion [[1Include adizbatic heating effects
Soils

Static, Riks
Visco v
< >

Continue... Cancel
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<= Edit Step
Name: Carburization
Type: Static, General

Incrementation  Other

Description: |Carburizntinn Process

Nigeom: (This setting controls the inclusion of nonlinear effects
geo! () on of large displacements and affects subsequent steps.)

Automatic stabilization: [ None B]

[J Include adiabatic heating effects

& Edit Step

Name: Air-transfer
Type: Static, General

Description: | Transfer from furnace to quench tank

Nlgeom: (This setting centrols the inclusion of nonlinear effects
geo! (O on oflarge displacements and affects subsequent steps.)

Automatic stabilization: [ None E]

[JInclude adiabatic heating effects

<= Edit Step

Name: Immersien-quench

Type: Static, General

Description: | Lower part into quench

Nigeom: (This setting controls the inclusion of nonlinear effects
geo! () on of large displacements and affects subsequent steps.)

Automatic stabilization: [ None B]

[J Include adiabatic heating effects

<= Edit Step

Name: Carburization
Type: Static, General

Type: ® Automatic O Fixed

Maximum number of increments:

Initial Minimum  Maximum

Increment size: | 1 [1es |50 |

& Edit Step

Name: Air-transfer
Type: Static, General

Type: @ Automatic () Fixed

Maximum number of increments:

Initial Minimum  Maximum

Increment size: | 0.01 [tes 1

Lok |

<= Edit Step

Name: Immersien-quench
Type: Static, General
Basic |

Type: ® Automatic O Fixed

Maximum number of increments:

Initial Minimum  Maximum

Incrementsize: 0001 |16 |1 |

Copyright © 2019 DANTE Solutions. All rights reserved.
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<& Edit Step

Name: Oil-Quench
Type: Static, General

Description: | il Quenchto 75 C

Tmepeios 00|

Nigeom: @ off (This setting controls the inclusion of nonlinear effects
geo () on of large displacements and affects subsequent steps.)

Automatic stabilization: |None

]

[ Include adiabatic heating effects

<& Edit Step

Name: Air-Cool
Type: Static, General

Incrementation  Other

Description: | Air cool to room temperature

Tmepeiod 0|

Nigeom: @ off (This setting controls the inclusion of nonlinear effects
geo () on of large displacements and affects subsequent steps.)

Automatic stabilization: |None

]

[ Include adiabatic heating effects

Basic ||

Type: @ Automatic O Fixed

Maximum number of increments:

Initial Minimum  Maximum

Increment size: |0.01 [1es /50 |

<& Edit Step <& Edit Step

Name: Oil-Quench Name: Air-Cool

Type: Static, General Type: Static, General
Basic |l

Type: @ Automatic O Fixed

Maximum number of increments:

Initial Minimum  Maximum

Increment size: | 1 [1es |10 |
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dante Step 4: Changing Output Definition

S EditField Output Request X || 3 DOF Monitor x| 1. In the pulldown menu, select Output = DOF Monitor and
] Maonitor a degree of freedom throughout the analysis . .
il P @ . check Monitor a degree of freedom throughout the analysis
Procedure: Static, General E:i:z:;:::::;e:”ewew ; oy 2. Select Monitor_Node
Domain: | Whole model ~| [] Exterior only .
Frequency: | vy n ncrements % o oK Conce 3. Change the Degree of freedom to 1 and click OK
zmi”g’wc‘_“:““tm““‘ 4. In the pulldown menu, select Output = Restart Requests and
utput Variables
(®) Select from list below () Preselected defaults () All () Edit variables Cha nge the Frequency for eaCh Step tO 1000
NT
B . 5. Next, in the pulldown menu, select Output = Field Output
p []Forces/Reactions . o
b O Contoct Requests = Manager and click Edit for the Heat-Up step
p [ Ener .
= 6. Change the Frequency “n” to 10 and select the NT option
v (B Thermal : while leaving the rest of the options as default, and then click
NT, Nodal temperature
[] TEMP, Element temperature OK
[] 5ID, Heat flux due to electrical current
g SIDA, 51D multiplied by the area " 2= Edit Restart Requests e
Note: Some error indicators are not available when Domain is Whele Model or Ini Step Frequency Intervals Overlay Time Marks
Heat Up 1000 0 ]
[ Outinn R Carburization 1000 0 0
Output at shell, bearn, and layered section points: Air Transfer 1000 0 0
@® Use defaults O Specify: Immersion Quench 1000 ] ]
Include local coordinate directions when available Qil Quench 1000 ] |
Air Cool 1000 @ 0
oK Cancel
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Step 5: Creating Boundary Conditions

Mame: | BC-1
Step: | Initial @

Category

(®) Mechanical

() Electrical/Magnetic
() Other

Continue...

1# Create Boundary Condition

Types for Selected Step

Symmetry/Antisymmetry/Eocastre

Displacement/Rotation
Velocity/Angular velocity
Acceleration/Angular acceleration

Connector displacement
Connector velocity

Connector acceleration

Cancel

Module:

oa [
el =

11040

ol

s
s, Ly,
(xv2) rL

3.4 T

= Step e

Part
Property
Assemnbly
Step
Interaction :
Mesh
Optimization
lob
Visualization

Sketch

Copyright © 2019 DANTE Solutions. All rights reserved.

Under Module, go to Load
In the pulldown menu, select BC = Create

Select Initial inside the Step: tab, check Mechanical and
select Displacement/Rotation, then click Continue

Choose Select in Viewport from bottom right-hand side of
the screen, select the bottom left node, and click Done

Check the U2 option and click OK

5 Edit Boundary Condition *

Mame:  BC-1

Type:  Displacement/Rotation
Step: Initial

Region: Set-10

CSYS: (Global) [y L
It

[JUR3

Mote: The displacement value will be
maintained in subsequent steps.

Ok Cancel 53
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dante
Module Load P

Part
IEI == Pro e
perty
E«J amm | | Assembly
. Step
Ly E=| | |Interaction
Load
E:rh z=| | | Mesh
Optimization
|
—, O3 | |Job
i Visualization
 — |
Sketch

Step 6: Redefining Material Properties

Copyright © 2019 DANTE Solutions. All rights reserved.

2 Edit Material

Name: 541X

Description:

Material Behaviors

User Material

User material type:

[ use unsymmetric

Data

[ I R R

General | Mechanical Thermal Electrical/Magnetic  Other 4

Mechanical ~ @
material stiffness matrix

OK Cancel

Under Module, select Property

In the pulldown menu, select Material 2> Manager and
click Edit on the material in the window

Select User Material, copy the 27 values currently there for
Thermal, change User Material Type from Thermal to
Mechanical, paste the 27 values into the table, and click OK
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Step 7: Writing The Input File

allln
-

Name Model Type Status Write Inp ut<zl>
Simple_20 _Ring_s Simple 20 _Ring_t Full Analysis  Mone Data Check
Submit
Monitor...
Results
Create..@ Edit... Copy... Rename... Delete... Disrniss

Under Module, go to Job
In the pulldown menu, select Job = Manager, and click Create

Name the Job, Simple_2D Ring_s to represent the stress model
and click Continue

Use the default options given and write out the input file to the
working directory

55



dante’

#% MATERIRLS

*Material, name=541XX

*Density

7.83e-06,

*Depvar
133,
1, DEFWF CARB,
2, HARDNWESS,
e DEFWF NITROGEN,
21, VF AUSTENITE,
34, VF_FERRITE,
47, VF _PERRLITE,
60, VF UBAINITE,
73, WE_LBAINITE,
86, WF MARTENSITE,
99, VF TMARTENSITE,
102, WF _CARE AUST,
103, WF_CARE FERR,
104, WF _CARB PERRL,
105, WF_CARB UBAIN,
106, WF _CARB LBAIN,
107, WE_CARB MART,
108, WF_CARB TMART,
109, DEEWE_CBDA,
110, DEF CBDA SIZE,
113, DEFWF NTDA,
114, DEF NTDA SIZE,

*User Material, constants=27

7.83e-06, 0., 0.5,
250., -1., 0.0635,
0.04, -1., 5.

-1., -1., -1.

% INTERACTION PROPERTIES

Step 8: Editing The Input File

Defined Nascent Carbon Weight Fraction

Total Hardness

Defined Nascent Nitrogen Weight Fraction
Volume Fraction of Rustenite
Volume Fraction of Ferrite

Volume Fraction of Pearlite
Volume Fraction of Upper Bainite
Volume Fraction of Lower Bainite

®

Volume Fraction of Martemnsite

Volume Fraction of Tempered Martensite

Carbon Weight
Carbon Weight
Carbon Weight
Carbon Weight
Carbon Weight
Carbon Weight
Carbon Weight

Fraction in Austenite

Fraction in Ferrite

Fraction in Pearlite

Fraction in Upper Bainite
Fraction in Lower Bainite
Fraction in Martemsite

Fraction in Tempered Martensite

Defined Carbon Weight Fraction in Carbide A
Defined Carbide & S5ize Factor

Defined Nitrogen Weight Fraction in Nitride 2

Defined Nitride A 5ize Factor

0.5, 0.,
her 0.8,
=her -1.,
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0., o., 0.
0.22, 0.15, 0.8
5. =Ther =il

1. Once the input file has been opened, go to the MATERIALS section and
define the Solution-Dependent State Variable (SDV) to be analyzed as
shown below. Simply copy and paste the text below into the input file.

1, DEFWF_CARSB, Defined Nascent Carbon Weight Fraction

2, HARDNESS, Total Hardness

4, DEFWF_NITROGEN, Defined Nascent Nitrogen Weight Fraction
21, VF_AUSTENITE,  Volume Fraction of Austenite

34, VF_FERRITE, Volume Fraction of Ferrite

47, VF_PEARLITE, Volume Fraction of Pearlite

60, VF_UBAINITE, Volume Fraction of Upper Bainite

73, VF_LBAINITE, Volume Fraction of Lower Bainite

86, VF_MARTENSITE, Volume Fraction of Martensite

99, VF_TMARTENSITE, Volume Fraction of Tempered Martensite
102, WF_CARB_AUST,  Carbon Weight Fraction in Austenite

103, WF_CARB_FERR,  Carbon Weight Fraction in Ferrite

104, WF_CARB_PEARL, Carbon Weight Fraction in Pearlite

105, WF_CARB_UBAIN, Carbon Weight Fraction in Upper Bainite
106, WF_CARB_LBAIN, Carbon Weight Fraction in Lower Bainite
107, WF_CARB_MART, Carbon Weight Fraction in Martensite

108, WF_CARB_TMART, Carbon Weight Fraction in Tempered Martensite
109, DEFWF_CBDA, Defined Carbon Weight Fraction in Carbide A
110, DEF_CBDA _SIZE, Defined Carbide A Size Factor

113, DEFWF_NTDA, Defined Nitrogen Weight Fraction in Nitride A
114, DEF_NTDA_SIZE, Defined Nitride A Size Factor



dante’ Step 8b: Editing The Input File

*Depvar

133, 1. Next, Define the type to be Mechanical in the *User

1, DEFWF CAEE, Defined Nascent Carbon Weight Fraction . .. . . e

2,  HARDNESS, Total Hardness Material definition as seen in the bottom left image if it

4, DEFWF_NITROGEN, Defined Nascent Nitrogen Weight Fraction haS nOt been done SO already

21, VF_AUSTENITE, Volume Fraction of Austenite

34, VF_FERREITE, Volume Fraction of Ferrite

o TE IS, Telims Dhreslen ¢f Eemcllliss 2. Inthe Step section underneath the first step (Heat Up),

60, WF_UBAINITE, Volume Fraction of Upper Bainite . . .

73, VF _LBAINITE, Volume Fraction of Lower Bainite input the lines seen below to help with convergence

g6, VF_MARTENSITE, Volume Fraction of Martensite

85, VF_THMARTENSITE, Volume Fraction of Tempered Martensite

102, WF_CARB AUST, Carbon Weight Fraction in Austenite

103, WF_CARB FERR, Carbon Weight Fraction in Ferrite

104, WF_CALRB PEARRL, Carbon Weight Fraction in Pearlite ~* STEP: Heat Up

105, WF_CARB UBATHN, Carbon Weight Fraction in Upper Bainite -

10&, WF_CARE LBATN, Carbon Weight Fraction in Lower Bainite »Step, name="Heat Up”, nlgeom=NO, inc=1000

107, WF_CARE MART, Carbon Weight Fraction in Martensite sStatic o2l

108, WF_CARBE TMART, Carbon Weight Fraction in Tempered Martensite 1., 1000.. le—0&. 100.

109, DEFWF CEDA, Defined Carbon Weight Fraction in Carbide & o = = <::)

110, DEF CBDA STZE, Defined Carbide A S5ize Factor *CONTROLS, P TERS=LINE SEARCH

113, DEFWF_NTDA&, Defined Nitrogen Weight Fraction in Hitride A P

114, DEF NTDA SIZE, Defined Nitride A Size Factor *éDNTRDLS B TERS=TIMF INCREMENTATION
*Uzer Material, constants=27, pre=Hechanical 20, 30 :
7-83=-08, O 9.5 9.5 O o O 9 *CONTROLS, FIELD=DISPLACEMENT, PARAMETERS=FIELD

250., -1., 0.0635, -1., 0.8, 0.22, 0.15, 0.8 0.05,0.05,

0.04, =1L =1L =1L =1L =1L =1L -1. —
. ~1es ~1es —1 «# QUTPUT REQUESTS

## INTERLCTION PROPERTIES

Copyright © 2019 DANTE Solutions. All rights reserved.



dante’

* STEP: Heat Up

A “Step, name="Heat Up"™, nlgenm=ND, inc=1000
*Static

1., 1000., le-0&, 100.

[=

*CONTROLS, PARAMETERS=LINE SEARCH
&,

*CONTROLS, PARAMETERS=TIME INCREMENTATION

20, 30

*CONTROLS, FIELD=DISPLACEMENT, PARAMETERS=FIELD

0.05,0.05, <::)

*TEMPERATURE, FILE=Simple 2D Ring_t, BSTEP=1, ESTEP=1 |
* QUTPUT REQUESTS

1
=

28]

1.9
Lad

19
19

19

n

1.9
[y

4

&
i
&
&
&
&
&
B
&
i
8%
&
&
85
&
B
&
8%
&
&

1.9
=]

(53] Eg M B 0 O M b 8 g0

1.9
[1a}

19
LE
[

*Restart, write, Ifregquency=0

L

*+* FIELD OUTPUT: F-Output-1

19
Xal
=

e
Tu RV
L b

1.9
LY
1.9

*Cutput, field, wariable=PRESELECT

1
T
in

1.9
[1a}
[ap

* HISTORY OUTPUT: H-Output-1

1.9
LEY
=]

19

Tl
(=]

*Cmtput, history, variable=PRESELECT
*End Step

19
o
[fa}

Copyright © 2019 DANTE Solutions. All rights reserved.

Step 8b: Editing The Input File

1. In each step, add the command

*TEMPERATURE, FILE=ThermalFileName, BSTEP=Step#, ESTEP=Step#

Where # represents the step number 1- 6

This reads in the temperature history from the thermal model

2. Inthe Carburization step, also add the command

*FIELD, OP=NEW, VAR=3, INPUT=NameOfCarbonContentFile.nod

* This inputs the carbon content of the last step during the carburization

model into the stress model

* STEP: Carburization

*Step, name=Carburization, nlgenm=ND, inc=1000
*Static

1., 10620., le-06, 500. <::>

*FIELD, OP=NEW, VAR=3, INPUT=Simple Ring cc.nod |
* QUTPUT REQUESTS

*Restart, write, frequency=0

* FIELD OUTPUT: F-Cutput-1
*Cmtput, field, wvariable=PRESELECT
: HISTORY OUTPUT: H-Cutput-1

*Cmtput, history, variable=PRESELECT
*End Step
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dante’ Step 8c: Editing The Input File

* STEP: Heat Up

*Step, name="Heat Up"™, nlgenm=ND, inc=1000, amp==sCep

*Static
1., 1000., le-0&, 100.

* STEP: Carburization

*Step, name=Carburization, nlgenm=ND, inc=1000, amp=Iamp|

*Static
1., 10&20., le-0&6, 500.

1. In each *Step command, write in amp=step at the end except for
the Carburization step where amp=ramp will be added

2. Define the variables to be output for the analysis by writing out the
*Node Output and *Element Output command before *End Step
for each Step. This can simply be copy and pasted from the thermal
model input file, and a U added to *Node Output and S added to
*Element Output. The *Node Output, *Element Output, and
*Contact Output currently in the input file can be overwritten

3. The model can now be executed using Abaqus Command, just as
the carburization and thermal models

*Restart, write, frequency=1000
*Monitor, dof=l, node=A MONITOR NODE, fregquency=l

* FIELD OUTPUT: F-Cutput-1
*Cutput, field, fregquency=10

*Node Cutput
NT‘U @
*Element Output, directions=YES

5,5DV1, SDVZ, SDV4, SDVZ1, SDV34, SDV47, SDVe0, SDV73, SDVB6&, SDVSs, SDV10Z,
SDV104, SDV105, SDV106, SDV107, SDV108, SDV10S, SDV110, SDVL13, SDV1l4

* HISTORY OUTFUT: H-Cutput-1

*Cutput, history, wvariable=PRESELECT
*End Step

5DV103

Copyright © 2019 DANTE Solutions. All rights reserved.
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Step 9: Post Process - Stress Results

d} Open Database

Directery:| [0 simple ring

@.

Eile Mame: | "Simple_2d_ring_s.cdb”

File Filter: | Output Database (*.odb)

v B G A Ak

=

[] Append to layers

e Read-only

oK

Cancel

3?“ Primary 1~ U

NT11
5

E| Magnitude ~

5, 511

(Awg: TR
+1.738e+02
+1.202e+02
+6.6560e+01
+1,295e+01
-4.066e+01
-9.42Fe+01
-1.479e+02
-2.015e+02
-2.551e+02
-3.087e+02
-3.623e+02
-4,1592+02
-4.695e+02

Radial Stress
(MPa)

s g

()

P

5, 522

[Awvg: FES
+1.891e+02
+1.334e+02
+7.767e+01
+2,196e+01
-3.375e+01
-8.947e+01
-1.452e+02
-2.00%9e+02
-2.566e+02
-3.123e+02
-3.680e+02
-4,237e+02
-4, 794e+02

SDV_AUSTENITE
SDV_CARBON
SDV_FERRITE
SDV_HARDNESS
SDV_LBAINITE
SDV_MARTEMSITE
SDV_PEARLITE
SDV_UBAINITE

U, Magnitude
+7.2428-02
+6.8892-02
+6.5352-02
+6.1822-02
+5.8292-02
+5.4752-02
+5.122e-02
+4,7692-02
+4.4162-02
+4.0622-02
+3.7092-02
+3.356e-02
+3.003e-02

Axial Stress
(MPa)

5, 533

(Avg: 759%)
+1,247e+02
+7.535e+01
+2.603e+01
-2.329e+01
-7.261e+01
-1.219e+02
-1.713e+02
-2.206e+02
-2.699e+02
-3.192e+02
-3.685e+02
-4.179e+02
-4, 672e+02

Circumferential

Stress (MPa)
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To open the file, go back to Abaqus Cae, under Module,
select Visualization and open the .odb file located in the
working directory

As with all simulations, take a moment and check the results
to ensure that they make sense. We expect
displacements(U) to be small, somewhere on the order of
.Imm or 100um. In the field drop-down menu, select U for
displacement

The contour will show displacement results from the fixed
reference node. In this case, the bottom left corner(inside
edge of the part) is the reference for all displacement.

In the field drop-down menu selecting S for stress allows the
user to show several different types of stress calculations on
the contour; Such as vonMises, min and max principal
stresses, hydrostatic pressure(where compression is positive),
and even directional stress in the S11(x), S22(y), and S33(z)
directions. For axisymmetric models such as this one, S11
represents radial stress, S22 represents axial stress, and S33
represents circumferential stress

Path plots and history plots for these field variables, as well
as the DANTE solutions variables can be obtained using the
same methods described above in the thermal and
carburization sections

60



