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What You Need to Know About AM Tutorials

These tutorial problems demonstrate how to use some of the features in the Ansys family of products
dedicated to Additive Manufacturing. Each tutorial is a complete step-by-step simulation procedure.

The tutorials in this document were run on a 64-bit Windows 10 system. Your results may vary depending
upon your computer hardware and operating system.

Use the link provided under Tutorial Files in the problem description of each tutorial to obtain the
file(s) required to run the tutorial.
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Chapter 1: Calibration - Double Arches Geometry

This example demonstrates the workflow for an additive calibration using an LPBF Thermal-Structural
simulation in Mechanical. The Thermal Strain Scaling Factor (TSSF) is obtained from this calibration
process for an AM build using Inconel 718 material.

The following features and capabilities are used:

+ Thermal-structural simulation

+ LPBF Process Add-on

+ LPBF Setup Wizard

+ Geometry construction of base plate

+ Cartesian mesh

+ Direct optimization module to perform the calibration iterations

Tutorial steps:
1.1.Problem Description
1.2.Create the Analysis System
1.3.Import Geometry and Launch Mechanical
1.4.Set Units and Load the LPBF Process Add-on
1.5.Wizard Step 1 - Identify Geometries
1.6.Wizard Step 2 - Generate Mesh
1.7.Wizard Step 3 - Assign Materials
1.8.Wizard Step 4 - Define Build Settings
1.9.Wizard Step 5 - Define Boundary Conditions and Constraints
1.10.Wizard Step 6 - Set Up Calibration
1.11.Run Calibration Iterations
1.12.Obtain the Optimum Calibration TSSF

1.1.Problem Description

This example part is used to demonstrate the overall calibration process using the LPBF Setup Wizard
in Mechanical. You may want to design/choose the most appropriate calibration geometry for your
own scenario by referring to Performing a Calibration in the LPBF Simulation Guide.

The double arches geometry is shown in the following schematic. This part's overall dimensions are 45
mm by 10 mm by 28 mm in the X, Y, and Z directions, respectively. The part is designed so that the

Release 2024 RT-©ANSYS, Inc.Allrights reserved.- Contains proprietary and confidential information
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Calibration - Double Arches Geometry

major distortion can be measured near the region of change in cross-sectional area at Z=21 mm, as
indicated by the red arrow. Following fabrication, the as-built on-plate distortion of the part is measured
along the center line of the side edge, as highlighted by the red dashed line in the second figure. This
measurement line has coordinates X=0 and Y=5 mm. The image depicts an as-built calibration part on
the plate after fabrication.

Double arches calibration part dimensions

Max distortion o
nearZ=21mm e

Release 2024 R1- © ANSYS, Inc.Allrights reserved. - Contains proprietary and confidential information
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Problem Description

As-built part on plate

Experimental
deformation
measurement li

Highlighted red stripe
of point cloud data
extracted to obtain
the maximum
shrinkage value in x
axis as target
experimental value

The calibration part was fabricated using a laser powder bed fusion process with the machine process
parameter set as shown in the following table. Some of these processing parameters are used as inputs

in the simulation. The part was built with Inconel 718 material directly on a build plate with no support
structures.

Ti-6Al-4V Processing Parameters
Layer Thickness (um) 60

Preheat Temperature (°C) 200

Release 2024 R1- © ANSYS, Inc.Allrights reserved. - Contains proprietary and confidential information
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Calibration - Double Arches Geometry

Ti-6Al-4V Processing Parameters

Inert gas Ar
Beam Diameter (um) 85
Laser Power (W) 350
Laser Speed (mm/s) 800
Hatch Distance (mm) 0.12
Stripe Length (mm) 10
Starting Angle (°) 45
Rotation Angle (°) 67
Energy Density (J/mm?) 61

The maximum as-built on-plate distortion for this build was 0.449 mm in shrinkage near Z = 21 mm
located along the measurement line shown in the figures. This distortion value will be used as the target
value for the simulation.

Tutorial Files

Click here to download:

Doubl e_ar ches_p. st1 — Geometry file of the double arches calibration part, saved as an .stl doc-
ument. There are no supports for this model.

1.2. Create the Analysis System

1. Open Ansys Workbench.

2. In the toolbox on the left side of the window, scroll down to Custom Systems, expand the se-

lection, and double-click AM LPBF Thermal-Structural to bring up the linked Transient Thermal,
Static Structural system in the Project Schematic.

Release 2024 RT-©ANSYS, Inc.Allrights reserved.- Contains proprietary and confidential information
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1.3.Import Geometry and Launch Mechanical

In this step, we import the geometry file in Workbench and then open the Mechanical application.

1. Right-click the Geometry cell in the Transient Thermal system and select Import Geometry >

Browse.

2. Navigate to the double arches geometry file, select it, and click Open to add it to the analysis.
A green checkmark appears next to the Geometry cell in the Project Schematic when the geo-

metry is added.
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Calibration - Double Arches Geometry
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3. Double-click the Model cell in the Transient Thermal system to launch the Mechanical application.
A message "Starting Mechanical" appears in the status bar in the bottom, left corner. It may
take a few moments for the application to open and the geometry to appear.
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Set Units and Load the LPBF Process Add-on
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1.4.Set Units and Load the LPBF Process Add-on

In this step, we do a few things to set up for the simulation. Use your mouse buttons to pan, zoom,
and rotate the model as you wish.

1. First, set the units to millimeters. In the bottom, right corner of the application Ul, select the
little up arrow to expand the units options and choose Metric (mm, kg, N, s, mV, mA).
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Calibration - Double Arches Geometry

Outline O 4 Q@@ @ @ Select " Mode- ialin)l ! )
© Mame
[ Project*
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Details of "Imported Load (A6) " =+ w B O X

[=]| Definition e —
Type Imported Data U.5, Customary (ft, Ibm, Ibf, °F, s, W, A)
Interpolation Type | Mechanical Results Transfe .5, Customary (in, lbom, Ibf, °F, 5, V, &)
Suppressed Mo Angle
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=] Additive turing Rotational Velocity
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Transfer Step | Build Step REM
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Set the units to this base system.

Next, adjust the number of processors (cores) to use on your computer. Depending on the
complexity of your model, AM Process Simulations may be computer intensive. If you have an
Ansys HPC license, access the option from the Home tab, under the Solve group and change
the Cores to something appropriate for your simulation.

M Context Systems A,B - Mechanical [Ansys Mechanical Enterprise] - O X

2 4 Home Environment Display Selection Automation Add-ons CQuick Launch Lal @ 0'

D & cut X Delete My Computer - g =ﬂ @I‘lamedSeledian E‘Cammands @Images' E_‘\ oo

ll = [T -
=] Copy Q Find v Distributed ! 2 Coordinate System [ Comment E.Section Plane

Duplicat I Salve Resc Analysi Taols | Layout
IS (Brpaste BeTrea 2 cares 5 OVE prediction | oY @, Remate Point | chart [ annotation 00ls | tavou

Outline Solve [ Insert

Next we'll load the LPBF Process Add-on. This add-on is available only if you have an Ansys
Additive Suite software license with Ansys Mechanical Enterprise or one of the multiphysics
bundles. If LPBF Process appears grayed out, or does not appear in the Add-ons ribbon as
shown below, check your software license.

Click the Add-ons tab in the main menu. In the Add-ons ribbon, click LPBF Process.

Context Systems A,B - Mechanical [Ansys Mechanical Enterprise] - (] x
Home Environment Display Selection Automati, ® 4 Add-ons Quick Launch ~ D
: >
D ® 4G wm & 9P Vlllin| ? ‘e

DesignlLife MNVH Forced Crop Bolt Statistics on | Hydrodynamic Offshor DED  Sintering  Distortion Variable Motion Load = Add-ons
Toolkit Response Test Tools  Structures Pressure Process|Process Process Compensation Load Transfer Help

Fatigue MNVH Turbomachinery | Explicit Mechanical Toolkit Hydrodynamic Loads Additive Manufacturing Rigid Dynamics Support

The remainder of the set-up is done using the LPBF Setup Wizard. Click the LPBF Process tab
and then click LPBF Setup Wizard to open the wizard.
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Wizard Step 1 - Identify Geometries

Context Systems A B - Mechanical [Ansys Mechanical Enterprise] = ] b 4
Home Environment Display Selection Automation Add-o, 4 & LPEF Process r\_‘l o
= -
S5 T S5 5 =S|
LPEF  LPBF Hotspot Time LPBF Recoater LPBF High LPBF Calibration LPBF Setup
Hotspot Correction (Beta) Interference Strain Wizard Wizard
Note:
.

You may be wondering why we chose the LPBF Setup Wizard rather than the LPBF Calibration
Wizard. Use the former when setting up a simulation for the first time, as we are doing in

this tutorial. Use the latter when you already have a simulation solved and you simply need
to add on a calibration step.

1.5.Wizard Step 1 - Identify Geometries

This step is to identify which body is the part, the base, and the supports. For this tutorial, there are no
supports and we will create a base plate using construction geometry.

1. Select the arches body and click Apply in the Part Selection field. (Note the Body picker is
active by default.)

2. Under Support Geometry, choose No Supports because there are no supports for this model.

3. For the Base Geometry field, choose Create Base because there is no base plate included in
our geometry file. We will define X, Y, and Z dimensions of the base and the X, Y, and Z location
of the center of the top surface of the base.

4. Enter 60 for Length (x).
5. Enter 35 for Width (y).

6. Enter 10 for Thickness (2).
7. Enter 22.5 for X-Location.
8. Enter 5 for Y-Location.

9. Enter 0 for Z-Location.

10. Leave the remaining options set to the default of No and click Next at the bottom of the wizard
page.
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Calibration - Double Arches Geometry
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Upon completion of this step, named selections for the
associated geometries will be created.

Part Geometry: The part or parts being manufactured.
Do not include any related supports.

Geometry Selection: Select the body or bodies of the part

A
Ze Named Selection: Select a Named Selection containing
the part body or bodies v
0.00 20.00 {rrirr) b
Exit Wizard Badgiy
o b nec |

Messages pane Mo Selection & Metric (mm, kg, N, 5, mV, mA) Degrees rad/s Celsius

Notice that items are added and/or updated in the project tree after each step in the wizard. It is a
good idea to review these items that have changed corresponding to the actions in the wizard as this
is a good way to learn about Ansys Mechanical.

1.6.Wizard Step 2 - Generate Mesh

In this step, set mesh controls and generate the mesh. We will use a Cartesian mesh with the recom-
mended element size of 0.5 mm for this part.

1. Under Mesh Type, choose Cartesian.

2. For Build Element Size, enter 0.5 to define a mesh size of 0.5 millimeters.
Keep 0 (default) for Projection Factor.

3. For Base Element Size, enter 2 to allow a much coarser mesh size.

4. Leave the remaining options set to the default of Yes and click Next to move to the next step.
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10 of ANSYS, Inc. and its subsidiaries and affiliates.



Wizard Step 3 - Assign Materials

QA [@w® %% O-+ QA @@ Q Select & Mode~ I

LPBF Setup Wizarc /ANSYS / acr

0.00

10.00

Generate Mesh

Mesh Type

Build Element Size
Projection Factor
Base Element Size

Generate Mesh

Help

e X

A Cartesian v

2 05 mm
0

\3/;2.5 mm
Yes -

Build to Base Contact Gene... | Yes

Determine characteristics of the mesh for the build and
base material. The bodies can be meshed with either the
Cartesian or Layered Tetrahedral method.

Cartesian: Mesh the geometry with cubic elements that can
be altered to fit geometry better through the Projection

Factor
Projection Factor: A number between 0 and 1 that defines
YZ how well the mesh fits the geometry. At zero, elements are
t L] cubic with a rough fit to geometry. As projection factor is
increased, the elements fit the geometry more closely but v
20,00 (rrrm) b

O o

Messages pane Mo Selection & Metric (mm, kg, N, 5, mV, mA) Degrees rad/s Celsius

1.7.Wizard Step 3 - Assign Materials

In this step, assign materials to the build and the base.

1. Under Build Material, choose Inconel 718.

2. Under Base Material, choose Inconel 718.

By default, bilinear isotropic hardening material properties are applied to the model when a
material with those properties is applied. You can confirm this by viewing that Nonlinear Effects
is set to Yes for both the part and the base. (In the project tree on the left side of the Ul, expand
the Geometry object so you see the two bodies. Select each body and review the Details panel
for each at the bottom of the tree.)

3. Click Next.
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% % C -t Q@ @@ @ Select " Mode- ) 2 [V

LPBF Setup Wizarc /ANSYS / acr

Assign Materials

* Material Assignment
Build Materiz 1 Inconel 718 v

4

Base Materiz 2 - Inconel 718
Monlinear Effect | Yes

Help

ldentify material for the relevant geometries. Available
materials are only those that have been included in
Engineering Data and melting temperature must be
specified for the build material.

Nonlinear Effect: Tumns Nonlinear Effects (e.g. plasticity)
on or off for all build, support, and base bodies.

Support Material Adjustments:

A
g Overall: A single property multiplication factor to change
t support material properties from the build material. Affected
0.00 20,00 (rmrm) b - L e e '
s TO o |
10,00

84 Mo Messages Mo Selection & Metric (mm, kg, N, s, mV, mA) Degrees rad/s Celsius

1.8.Wizard Step 4 - Define Build Settings

In this step, define machine settings, build conditions, and cooldown conditions.

Under Machine Settings:

1.

2.

3.

Set Deposition Thickness to 0.06 mm. (This corresponds to the Layer Thickness of 60 um.)
Set Hatch Spacing to 0.12 mm.

Set Laser Speed to 800 mm/s.

Under Build Conditions:

4, Set Preheat Temperature to 200 °C.

5. Leave the remaining settings to their defaults. Note that this includes removal settings. (Scroll
down in the wizard panel to see all the options.) We will not simulate cut-off of the part from
the base, as distortion measurements were taken on-plate in the experimental portion of the
calibration. Click Next.

Release 2024 R1- © ANSYS, Inc.Allrights reserved. - Contains proprietary and confidential information

12 of ANSYS, Inc. and its subsidiaries and affiliates.




Wizard Step 5 - Define Boundary Conditions and Constraints

e X

QQA[®8& %% O+ QAQQQ Sdea T Ward
._i: LPBF Setup Wizard /ANSYS / act

Define Build Settings

Inherent Strain Mo v

Build Settings Input | Enter Manually v

¥ Machine Settings

Deposition Thicknes( 1 > 0.06 mm
Hatch Spacing 20012 mm
Scan Speed 3 800 mmis
Time Between Layers 10 s
Dwell Time Multiplier 1

Mumber of Heat Sources | 1

4

Build Conditions

Preheat Temperature LA z00 <
Gas/Powder Temperature Use Preheat Temperature i

Gas Convection Coefficient 1E-05 Wimm*
Powder Convection Coeflicient | 1E-05 Wimm*
FPowder Property Factor 0.01

4

Cooldown Conditions

Room Temperature 22 ©
Gas/Powder Temperature Use Room Temperature i

Gas Convection Coefficient 1E-05 wWimm?
Powder Convection Coeflicient | 1E-05 Wimm*

4

Removal Settings
Heat Treat Mo

Base Removal Type | Off v

1.9.Wizard Step 5 - Define Boundary Conditions and Constraints

In this step, apply boundary conditions to the base. This includes a constant preheat temperature during
the build, an ambient cooldown temperature during cooldown, and a fixed condition throughout the
simulation because we assume the base is rigid with no distortion.

Under Base Thermal Boundary Conditions:
1. Select the bottom face of the base. Click Apply next to the Geometry input field.

2. Keeping Temperature as the Build Condition, enter 200 °C for Build Boundary Temperature.
Leave the default Cooldown condition as a 22 °C temperature.

Under Base Structural Boundary Condition:
3. Select the bottom face of the base again and click Apply as the geometry for the fixed support.

4, Click Next.
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QA®[v® %% O-FRAQAQ s T Wid -

-_i LPBF Setup Wizard /ANSYS / acr

Define Boundary Conditions and Constraints

* Base Thermal Boundary Conditions

¥ Geometry

Scoping Method  Geometry Selection v

Geometry 1Face ._'/
Build Condition Temperature v
Build Boundary Temperature 2 200 ©
Cooldown Condition Temperature v
Cooldown Boundary Temperature | 22 C

* Base Structural Boundary Condition (Fixed Support)

¥ Geometry
Scoping Method  Geometry Selection v
Geometry 1Face LB Apply

1.10.Wizard Step 6 - Set Up Calibration

In this step, we establish a line of nodes for distortion measurements (similar to the red dashed line in
the experiments), enter our distortion target, and finish setting up for the calibration iterations. The
measurement line is along the Z axis located at X=0 and Y=5 mm.

1. First, we need to define a line of nodes and create a named selection for it. This is done outside
of the LPBF Setup Wizard but keep the wizard open. In the project tree, right-click Named Se-
lection and choose Insert > Named Selection. Rename the new Named Selection object to
MeasuredLine.

In the Details panel of MeasuredLine, change the Scoping Method to Worksheet.

Right-click in the Worksheet area and choose Add to add a new row. Set up the fields in the
new row as shown in the following figure. Then add a new Filter row and set up the fields as
shown. Click Generate. A line of highlighted nodes is shown on the vertical wall of the pillar.

2. Back in the wizard, choose Yes for Setup Calibration.

3. Under Measurement Location, change the Scoping Method to Named Selection. Choose the
MeasuredLine named selection. Choose X for Distortion Direction and enter 0.449 mm for
Target Distortion, which is our maximum distortion according to the experimental measurements.

4. Click Finish. Finally, click the x in the upper, right corner to exit the wizard panel. The calibration
simulation has now been set up successfully.
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Run Calibration Iterations

OIut\ine EEm— =ee ROX ] E @ Q IEI' @ %% C-- Q@@ @ @ St % Moder BE®  Werd oooe -1x
: Name w | Search Qutline |V _
M profect* . LPBF Setup W /ANSYyS / scr

B Model (A4, B4)

B Geometry Imports
T Geometry

AL; Construction Geometry
AT Materizls

3K Coordinate Systems
] Connections

B Mesh

Set Up Calibration

Set up Calibration (20 Yes hd
* Node Measurement Location

iRi AMProcess Scoping Meth’ 3 Named Selection hd
% Named Selections
= MNamed Selec 3 -
1Bl Buid_Body € 2 | MeasuredLine
1B Base Deformation Direction X
1B Buld_and_Support
il Build Contact Element Faces Calibration Deformatio. Wax v
i+, T0 Base Contact Element Faces Calibration Type ssF
T8 MeasuredLine
= Transient Thermal (A5) Target EXP Deformatior 0.449 mm
o

[ Analysis Settings
/1 Buld Boundary Contion
/@] Cooldown Boundary Conition
2+ Solution (A6)

E-2{5) Solution Information

. -y®) Temperature
8 Temperature - Glob:
: 8 Temperature - Glob:
* /i@ Temperature

=-#{{i Static Structural (B5) v
< >

v B OX

Calibration Tolerance (%) 1

Details of "MeasuredLine” =

=l| Scope "
Scoping Method L‘/lWorksheet A 20,00 i ¥ Help
Geometry |86 Nodes T m—— Define configurations to set up an automatic SSF =
[=I| Definition 10,00 or SSF+ASC LPBF deformation calibration
Send to Salver Yes process. Completion of this step will populate
Visible Yes Worksheet . Calibration_Modes object under Named Selection
Program Contralled Inflation | Exclude and Calibration Deformation object under
[=I| Statistics MeasuredLine A Solution.
Type Manual . .
Total Selection 66 Nodes o Generate Mote: Internal comparizons of values that have units are done in Setup callbrallon:_ Determine whether to
Suppressed 0 —I the CAD Unit System. See help for more information. perform an automatic LPBF calloration process.
Used by Mesh Worksheet | No Current CAD Unit System: Metric (mm, kg, N, 5, mV, mA) Yes: Perform an automatic LPBF deformation
=) Tolerance calibration setup process.
Tolerance Type Program Controlie: Criterion Value | Laower Bound | Upper Bound | Coordinal .
14 Add  MeshNode LocationX  Equal mm 0. NjA NjA Global C| No: Do not perform the LPBF deformation ©
Zera Tolerance 1.2-008 A Filter ~MeshMNode Location Y Equal mm 5 N/A NfA Global C.
Relative Tolerance 1.e-003 _ m
Angular Tolerance o7 V]
i
8% Mo Messages Mo Selection & Metric (mm, kg, N, s, mV, mA) Degrees rad/s Celsius

1.11.Run Calibration Iterations

In this step, we run the calibration iterations using the automated Direct Optimization system in
Workbench.

1. Go back to the Workbench Ul. After completion of the calibration setup in the LPBF Setup
Wizard, notice that the Direct Optimization system is automatically connected to the AM Thermal-
Structural Analysis systems. In the Direct Optimization system, right-click Optimization > Update
to start the calibration iterations. The optimization process will run the thermal-structural sim-
ulations iteratively by automatically applying different TSSF values starting from the default of
1 in order to search for the maximum distortion value along the defined MeasuredLine that
best matches the experimental distortion value. The simulations may take a few hours to
complete depending on the number of cores specified and the machine used to run this
model.
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n Unsaved Project - Warkbench
File  View Tools Units
W e

==

Extensions  Jobs  Help

Project

% Substructure Generation
@ Thermal-Electric

[ Transient Structural
E Transient Thermal

& ]mport... | +0 Reconnect Refresh Project 7 Update Project / Update All Design Points | & ACT Start Page

Toalbox > o %

) LS-DYNA Acoustics (Beta) -

[ LS-DYNARestart

|9 Magnetostatic - A - B
Modal i _u Transient Thermal i ? Static Structural
Eﬂ Modal Acoustics 2 @ EngineeringData " ,——M#2 Q Engineering Data
Eﬂb Motion 5 3

iy Random Vibration ‘ Geometry v a —; 3 Geometry

f§ ResponseSpectum 4 @ Model v oW @ Model

[z Rigid Dynamics 5 @ setup =5 @ setp

) staticAcoustis 6 Solution F o= 6 Solution

fz Static Structural

= 7 @ Resulis 7 4 7 @ Results

Y steady-State Thermal

[ Structural Optimization —» 8 [pd Parameters » 8 |05d Parameters

AM LPEF Thermal AM LPEF Structural

o [ &[S

Component Systems

[’p'] Parameter Set

B Custom Systems
AM DED Frocess

-

#»  Import Custom Candidate Points from DPS...
AM LPBF Inherent Strain
B4 AM LPEF Thermal-Structural #  Edit..
C
-
Pre-Stress Modal i
Random Vibration b8 = Direct Optimization #»  Send Study to DPS Project
Response Spectum 1 -2 |@ optimization g 53  Duplicate
Thermal-Stress Direct Optimization Transfer Data From New
[H Design Explorati
[ Design Exploration Transfer Data To New
ACT W
| t 4/ Update
View All / Customize...
T En Al G e Update Upstream Components
&) Double-dick component to edit. Clear Generated Data
[#] Refresh
Approve Generated Data
Rename
Properties
Quick Help
Add Note

1.12.Obtain the Optimum Calibration TSSF

1. Double-click the Optimization cell to open the Direct Optimization module.

2. Green check marks are shown under Results on the left hand side of the menu when the op-
timization is done. The last row shows the optimized calibration TSSF. In our example, the cal-
ibrated TSSF is 0.767, which results in a distortion of 0.4517 mm. This is within our 1% tolerance.
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Obtain the Optimum Calibration TSSF

B8 Unsaved Project - Workbench - O *
File Edit View Tools Units Extensions Jobs Help
reg S s
||_1 ”H ||ﬁ ”ﬂ| EH Project @ C2:0ptimization X
 Update /| Clear Generated Data || Refresh Approve Generated Data | &% Send Study to DPS Project
timization e of i Optimization > I
A A B C

i i Mame ¥ | P1-Build Settings Thermal Strain Scaling Factor | P2 - Calibration Defi i i (mm) -

2 E " Optimization 2 1|DPO] 1 0.56182

3 E Objectives and Constraints ] 2 |DPLY | 0.002 0.0017135

4 @ Seek P2 = 0,449 mm 4 3 DP2 | 0.799 0.46742

5 E Domain 5 4 DP3 | 0.767 0.4517

[5 B ™ AMLPBF Thermal (A1)

7 [p  P1-Buid Settings Thermz

3 Parameter Relationships

9 |2 - v Raw Optimization Data

10 \/&5 Convergence Criteria

11 E Results

12 Candidate Points

13 i Tradeoff

14 R samples

£ >
Properties of Qutline A9: Raw Op LBl Chart: No data ~ I
A B
i Property Value
2 =
3 MNumber of Columns | 2
4 Mumber of Rows 4
; Ready @ Job Monitor... ”m Mo DPS Connection ”IEI Show Progress ”@ Show 0 Messages | .

Congratulations! You have completed the tutorial.
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Chapter 2: Additive Print Calibration - 4 Pillars
Geometry

This example demonstrates the workflow of performing an Assumed Strain, Linear Elastic calibration
simulation in Ansys Additive. The strain scaling factor (SSF) is obtained from this calibration process for
an AM build using Ti-6Al-4V alloy.

The following features and capabilities are used:
+ Assumed Strain simulation type

+ Ti64 material, Linear Elastic stress mode

+ Calibration spreadsheet

Tutorial steps:
2.1.Problem Description
2.2.Import Geometry
2.3.Set Up Simulation
2.4.Select Geometry and Supports
2.5.Configure Materials
2.6.Select Outputs and Solve
2.7.0btain the Distortion
2.8.Use Calibration Spreadsheet
2.9.Run Subsequent Calibration Iterations
2.10.Save Calibrated Material

2.1.Problem Description

This example part is used to demonstrate the overall calibration process in Ansys Additive. You may
want to design/choose the most appropriate calibration geometry for your own scenario by referring
to Determine Your Calibration Part in the Additive Print and Science Calibration Guide.

The 4-pillars geometry is a simple, symmetrical geometry with four 2-mm thick rectangular pillars attached
to a center cross beam. The overall dimensions of this part are 20 mm by 20 mm by 25 mm along the

X, Y, and Z directions respectively. The part is designed in such a way that a major distortion can be
measured near the overhang interface at Z=20 mm, as shown at the red arrow in the following

schematic. After fabrication, the on-plate distortion of the part in the as-built condition is measured

along the center line of the left pillar as highlighted by the purple dashed line. This measurement line

is located at X=0 and Y=5 mm. The picture shows the actual as-built calibration part example on plate
after fabrication.
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Schematic of a calibration part example

——

Max distortion e Experimental distortion -
atZ=20mm measurement line

-______7/1

The calibration part was fabricated using a laser powder bed fusion process with the machine process
parameter set as shown in the following table. Some of these processing parameters are used as inputs
in the simulation. The part was built with Ti-6Al-4V material directly on a build plate with no support
structures.

Ti-6Al-4V Processing Parameters

Layer Thickness (um) 60
Preheat Temperature (°C) 200
Inert gas Ar
Beam Diameter (um) 85
Laser Power (W) 350
Laser Speed (mm/s) 1100
Hatch Distance (mm) 0.12
Stripe Length (mm) 10
Starting Angle (°) 45
Rotation Angle (°) 67
Energy Density (J/mm3) 44

The maximum as-built on-plate distortion for this build was 0.242 mm in shrinkage near Z = 20 mm
located along the measurement line shown in the schematic, at coordinates (0,10,20). This distortion
value will be used as the target value for the simulation.

Tutorial Files
Click here to download the following:

« 4 pillars.stl — Geometry file of the 4-pillars calibration part. There are no supports for
this model and a base plate is not needed in Ansys Additive.

Release 2024 R1- © ANSYS, Inc.Allrights reserved. - Contains proprietary and confidential information
20 of ANSYS, Inc. and its subsidiaries and affiliates.


https://ansyshelp.ansys.com/Views/Secured/Doc_Assets/Static/AP_Calibration-4_Pillars.zip

Import Geometry

« Additive_Print_Calibration_Spreadsheet. x| xs — Custom spreadsheet with em-
bedded calibration calculations.

2.2.Import Geometry

1. Open Ansys Additive.
2. Click Parts to bring up the Parts Library.
3. When the Parts Library is loaded, click the Import Part button in the upper, right corner.

4. In the Import Part page, click Choose File and navigate to the 4_pi | | ars. st| geometry,
select it, and click Open. Parts must be in .stl format and dimensions must be in units of milli-
meters. A green check mark appears on the page indicating a valid part has been chosen.

5. Enter a Name for the part and, optionally, tags and a description.

6. Click Save.

Build Files

=

Materials

Gear selector fork Available 5/23/20, 4:21 PM 2969234

(1]
Dashboard

Import Part

Select Part

Build Files =
Choose File |4 pillars.sti
1

Materials

Provide Part Description

Name

4 pillars calibration part
Tags
calibration X + Tag

Description

4 pillars part does not include suppcns\

Save Cancel
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The import operation occurs when we hit Save. It may take several minutes to import, depending
on the size of the part. The part is available to be used in a simulation when the availability
status says "Available" on the part's details page.

m . . .
e 4 pillars calibration part | eac | Boon | oo |
&
Parts Details
D Descriplion: 4 pillars part does not include SUDDOHS
FETS Tags: calibration
Uploaded File Name: 4_pillars.stl
m

Materials Status
Availability: Available

Created: Dec 30, 2020
Last Modified: Dec 30, 2020

Specification
Volume: 5,100.0 (mm?)
Size (x, y, ) 20.0 mm, 20.0 mm, 250 mm

Triangle Count: 84

Supports import Support
Click Import Support to add a support for this part.

Support Groups

Once there are more than 2 supports Available support group will be enabled

2.3.Set Up Simulation

1. Click Dashboard, and under New, choose Assumed Strain. This will bring up a new Assumed
Strain simulation form.
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Select Geometry and Supports

m
Dashboard

Parts Additive Print
Microstr | Assumed Strain | y No running simulations
() AISi10M  Scan Pattem
Build Files Modified: De Thermal Strain
Additive Science
Single Bead
] Microstr Porasity Iy
Materials AISi10M Thermal History
Modified: De Microstructure

Running Simulations

Draft Simulations

Gear Selector Fork
Modified: Apr 28, 2020

Completed Simulations

Microstructure showing parosity
AlSi10Mg - 2021 R1

Sim 588 - Success 21 days ago

Enter a Simulation Title and, optionally, tags and a description for the simulation. We have

found it is good practice to use a detailed description for record-keeping purposes. In this ex-
ample we added "1st iteration" to the description because we anticipate additional iterations

when performing a calibration.

Depending on your Additive license, change the Number of Cores, as desired.

B Configure Assumed Uniform Strain Simulation
&
Parts Details
,D, Simulation Title *
Buiid Files 4 Pillars calibration - Assumed Strain, Linear Elastic, Ti64
=:_ Tags
Materials
Calibration X +Tag
Tag your project for efficient filtering, grouping, and reporting
Description

Calibration simulation to determine SSF for Assumed Strain, Linear Elastic simulation with Ti64 material - 1st iteration

Number of Cores

8

2.4.Select Geometry and Supports

1.
and click Add.

Scroll to the Geometry Selection section and choose the 4-pillars calibration part we just imported
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m .
e Geometry Selection
Parts ) e
,I:' Available Parts
Build Files
Search..
=
Materials . - o
4 pillars calibration part Available 12/30/20, 1:40 PM Add
Gear selector fork Available 523120, 421 PM Add

2. For Voxel Size, enter 0.5 to define a mesh size of 0.5 millimeters.

A voxel size of 0.5 mm for this geometry is larger than we recommend but is used here to speed up
the tutorial. A much smaller voxel size of 0.2 mm is more realistic for this geometry.

m
Dashboard

Build Files 4 pillars calibration part Change

4 Status: Available

Materials Size (x, y, z): 20.00 mm, 20.00 mm, 25.00 mm

voxel Size (mm) )

Estimated Memory Usage: 0.28 GEO

Voxel Sample Rate (sample rate?) o

5
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Configure Materials

3. Scroll to the Supports section and uncheck Simulate with Supports since there are no support
structures for this model.

m
e Supports

{m} I [J simulate With Supports I

Parts
Support Type
_D_ Automatic v
Build Files
=t Minimum Overhang Angle (°)*
DTS Minimum Overhang Angle ( ©) o

45

Minimum Support Height (mm) =

0
Support Yield Strength Ratio * @)

0.4375

2.5. Configure Materials

1. Scroll to the Material Configuration section and select Ti64 from the drop-down list.
2. Under Stress Mode, choose Linear Elastic.

3. Use the default Strain Scaling Factor of 1 for this first calibration iteration. We will be changing
this value for subsequent iterations.

[[]]
Dashboard Material Configuration
{5} Material *
IFEIE Tigd .
O
Build Files Stress Mode
Linear Elastic A
1
Materials Elastic Modulus (Gra) =

110

Poisson Ratio *

0.3

Yield Strength (mPa) =

1100

Strain Scaling Factor * o

1
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2.6.Select Outputs and Solve

1. We do not need to add any extra output items so we will simply use the default on-plate residual
stress/distortion results.

2. Click Start to begin the first calibration iteration.

Dashboard OUtDUtS
Parts O Dpistortion compensated STL file @)
o [ Displacement atfter cutoff
Build Files [ Layer by layer stress/distortion o
us [ Files for transfer to Ansys Macna"ntalgo
u
Materials [] Detect potential blade crash due to distartion

[ Hign strain areas

While the simulation is running, review the activity status and logs for helpful information. The
Simulation ID is a unique identification number given to this one simulation. Output files will
include this ID in their file names.
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Obtain the Distortion

m
Dashboard

Parts
0O
Pl simuiation 575
1D
= Status In Progress
Materials

& Overview Part

Name 4 pillars calibration part

File Name 4_pillars sti

Description 4 pillars part does not
include supports

Title 4 Pillars calibration - Assumed Str
ain, Linear Elastic, Ti64 Tags calibration
Description Calibration simulation to determin Volume 5,100.0 (mm?)
& SSF for Assumed Strain, Linear
Elastic simulation with Ti64 materi .
ey Size (x.,y.2) fnomuu mm, 20.00 mm, 25.00
Tags Calibration Triangle 84
Count
Requested a few seconds ago
1/7/21, 1.55 PM Voxel Size 0.5 mm
Simulation Assumed Uniform Strain Voxel
Sample Rate
Numberof 38
Cores
Material
Activity Status Matzrial T4
o Stress Mode Linear Elastic
Voxelization — Finished
Mechanics Selver — Running Yield Strength 1,100 MPa
VTK to AVZ Conversion — Requested Elastic Modulus 110 GPa
Poisson Ratio 0.3
Logs strain Scaling Factor 1
Supports
1/7/21, 1:56 PM Starting element
layer 36 Simulate With Supports b
1/7/21, 1:56 PM Starting element
\. layer 35 y,

Export Simulation m Duplicate

Outputs Selected

On-plate residual stress/distortion
Distortion compensated STL file
Supports residual stress/distortion
Displacement after cutoff
Distortion compensated STL file
(after cutoff)

Layer by layer stress/distortion
Ansys mechanical files

Detect potential blade crash due to
distortion

High strain areas

Output Files

Solver Voxel Input Export

Positioned Part Export

2.7.0btain the Distortion

1.

Once the simulation is complete, output files are available for review. First we'll look at the
results in the Additive application.

a.

Click View next to On plate stress/displacement (avz) to bring up the viewer.
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m
Dashboard

Build Files

-1

Materials

Overview

Simulation 575
1D

Status Success

Title 4 Pillars calibration - Assumed Str

ain, Linear Elastic, Ti4

Description Calibration simulation to determin

& SSF for Assumed Strain, Linear
Elastic simulation with Tié4 materi

al - 1st iteration
Tags Calibration

Requested a few seconds ago
177721, 1:55 PM

Simulation Assumed Uniform Strain
Type

Numberof &
Cores

Activity Status

Voxelization — Finished
Mechanics Selver — Finished
VTK to AVZ Conversion — Finished

Logs

117121, 1:57 PM Simulation 573
completed
117121, 1:57 PM Aclivity vik-to-

avz completed

o

Part
Name 4 pillars calibration part
File Name 4_pillars.stl
Description 4 pillars part does not
include supports
Tags calibration
Volume 5,100.0 (mm?)
size (x,y.2) 20.00 mm, 20.00 mm, 25.00
mrm
Triangle 84
Count
Voxel Size 0.5 mm
Voxel
Sample Rate
Material
Material Ti64

Stress Mode Linear Elastic

Yield Strength 1,100 MPa

Elastic Modulus 110 GPa

Poisson Ratio 0.3

Strain Scaling Factor 1
Supports

Simulate With Supperts %

Outputs Selected

On-plate residual stress/distortion
Distortion compensated STL file
Supports residual stress/distortion
Displacement after cutoff

Distortion compensated STL file
(after cutoff)

Layer by layer stress/distortion
Ansys mechanical files

Detect potential blade crash due to
distortion

High strain areas

Output Files

Solver Voxel Input
Positioned Part

On plate
stress/displacement

Solver Voxel Input View
(avz)

On plate Vi
stress/displacement
(avz)

-

xport

xport

Export

xport

xport

b. The result item displayed by default is the total displacement vector. We need to change
the display so that we are looking at the X component of displacement. Click the View
Manager button in the viewer controls bar.
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Obtain the Distortion

Ansys

pasnooara | 1221 RSN NGPNENE NI KET@)
&

(|

Build Files

-1

Materials

1.2587e-1

9.4402e-2

6.2935e-2

3.1468e-2

0.0000e+0
[mm]

| 10.00 (mm)

In the View Manager drop-down, check the box next to disp_x and clear the disp check
box. Rotate the model so that the pillar with the greatest shrinkage distortion (red
contour) is shown. Move the mouse around within this area to see the X-displacement.
Click Close in the upper right corner to get back to the simulation results page.
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View Manager
— Window 1
Dashboard [
:Et qisp_y
Parts. » L disp_z
b L) max-vonMises
b - max_sig_xx_C
(] b L) max_sig xx T
_ b L) max_sig_yy_C
Build Files L macai ,
3 max_sig_zz C -
b ) max_sig_zz T disp_x
=: b L) sig_sx 1.766%-1
Materials b L sig_xy
» L sig_yy
b L sig_yz
b I sig_zx 1.4133e-1
» U sig_zz
yonM
[ rdisp |
Window 1.0597e-1
Window 3 0.169175 - disp_x:disp_x
Window 4
I 7.0615e-2
[ 3.5257e-2
I -1.0050e-4
[ -3.5458e-2
| -7.0816e-2
[ -1.0617e-1
-1.4153e-1
-1.7688e-1
[mm]
] 10.00 (mm)

2. Since it is a bit tricky to find the maximum displacement and to know its exact location, we
will view the results in Ansys EnSight.

a. Start by exporting the results to a .vtk file. Click Export next to On plate stress/displace-
ment and then Save the file.
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Obtain the Distortion

m
Dashboard

Build Files

-1

Materials

o

Overview Part Outputs Selected

Name 4 pillars calibration part On-plate residual stress/distortion N
Simulation 575
ID File Name 4_pillars.stl o )
Distortion compensated STL file X
Status Success Description 4 pillars part does not
include supports
PP Supports residual stress/distortion %
Title 4 Pillars calibration - Assumed Str L
ain, Linear Elastic, Tig4 Tags calibration
Displacement after cutoff X
Description Calibration simulation to determin Volume 5,100.0 (mm?)
& SSF for Assumed Strain, Linear
Elastic simulation with Tié4 materi . i i g
P : Size (x.y.2) 20.00 mm, 20.00 mm, 25.00 Distortion compensated STL file
al - 1st iteration mm (after cutoff) X
Tags Calibration Triangle 84 Layer by layer stress/distortion %
Count

Requested a few seconds ago

1/7/21, 1:55 PM Voxel Size 0.5 mm Ansys mechanical files X
Simulation Assumed Uniform Strain Voxel 5
Type Detect potential blade crash due to
Sample Rate distortion X
Numberof 8
Cores High strain areas X
Material
Activity Status Material Ti6a Output Files
Stress Mode Linear Elastic

Voxelization — Finished
Mechanics Selver — Finished Yield Strength 1.100 MPa
VTK to AVZ Conversion — Finished

Solver Voxel Input

xport

Elastic Modulus 110 GPa Positioned Part Export
Poisson Ratio 0.3
On plate Export
Log S stress/displacement por
Strain Scaling Factor 1
Solver Voxel Input View Export
D - (avz)
On plate View Export
SUppOI’tS stress/displacement ‘ o
17121, 1:57 PM Simulation 575 (avz)
completed
Simulate With Supperts %

117121, 1:57 PM Aclivity vik-to-
avz completed

Open Ansys EnSight.

Click File > Open, navigate to the simulation .vtk file and click OK.

Right-click the newly added sim file and choose Color by > Select variable. In the
dialog box that opens, click on the symbol to expand the Vectors options, choose
disp_mm_[X] and then click OK.
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Clone

Color by Select variable

Style | Select color
Part select » o Black
Clips y White
Contour Grey
Isosurface Random
Vector arrows Meatching partnames in other case(s)
Show normals Make transparent
Particle trace Adjust transparency...
Save to report
Plots/queries Load part 8 x
Name Show  Xvariable Yy Add group/movets group..
Queries
Plotters & Choose a varisble %

elect 3 variable to use
ariable:

Name
Coordinates|]
Coordinates[x]
Coordinates[Y]
Coordinates|Z]
Time
Scalars
¥ Vectors .
disp_mm A
disp_mm_[Y
disp_mm_[Z]

ort: ) Alphabetically O Type @ Tree (

Show vector components
I oK I Cancel

Varisbles  Annotations  Plots/queries  Viewports  States

# Ensight Standard 2021 R (.ples\AP Tutorial Models\d._pillars\simS75-on-plate-stress- displacement.vtk) o x
File Edit Creste Query View Took Window Csse Reports Help
— ? T = ; AT v 2% 4\ %3 8 BBE 4
q L 22 s = 2% 4 %
ﬁ,‘ “ﬂ@@ﬁ Lﬂ -+~ %/4/:6 ted=gedAhe AsBTLdo@E V.
Parts 5 x ANSYS
Name | Show  Colar Calorby 2021R1
- Cssel
5imS575-on-plate-siress-displacaes =

Edit..

Create

Hide

Delete

| & B % /B & @fFfde

Open color dialog

e. Rotate the model so that the pillar with the greatest shrinkage distortion (red contour)

?
is shown. Click the Interactive probe query button *‘ﬁ from the ribbon. A dialog
box opens. In the Probe create tab click the Show components check box and then
click disp_mm_[X] to display the X component of displacement.

In the lower half of the dialog box, from the Query drop-down, choose XYZ. Enter X,
Y, and Z values as 0, 10, and 20. Click Create. The node number and X-displacement
are shown.
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Obtain the Distortion

f.

&l EnSight Standard 2021 R1:: (..ara\OneDrive - ANSYS, Inc\Desktop 575 I

o o x
File Edit Creste Query View Tools Window Case Reports Help
— 2, == 2 = 4 B _ &
B = Y3 HedsFhec@dd LN
Parts 5 x ANSYS
Hame 1d  show Color  Colorby 2021 RY
~ Casel
sim575-on-plate-stress-displacement 1 v = disp_mm_[x]
#h Create/edit probe query X
Probe create  Display style
Which variables?
() max_sig_yy_C_MPa_ ~
() ax_sig_zz T_MPa_
() max_sig_zz C_MPa_
() disp_r
(*) disp_mm_[x]]
T Fiepmm 7]
() disp_mem_(2]
() Coordinates
() Coordinates(X]
() Coordinates(V]
() Coordinates[Z] v
| R— b
Name
et qmpmbe count =
[x[o J v [0 2= |
Z disp_mm_[X]
X 1.767e-01
— 8.829e-02
- -1.001e-04
| crea= || cose || ke
-8.849e-02
-1.769e-01
Variables  Annotations  Plots/queries  Viewports  States
& o= ArLfae el "
sim375-0n-platestress-displacement: 14880 client 40800 server elements

Next we will use the settings in the Display style tab to change how the probe is dis-
played. In the Probe query box, switch to the Display style tab and change the settings
as shown below. This removes the node ID number, changes the displacement value

to floating point format with 3 decimal places, and increases the size of the marker dot

that indicates the location.

B Create/edit probe query

Probe create Digplay style
EDisplay jin]

Display expansion factor m

wx Will only expand if the picked part ...
contains element labels.

Label

Visible [ Always on top

Rlooo  Jefooo  [sfmoo || M
Format Decimal places-

Marker
Visible Size [3.000000 3]
Rlosm  Jefosm Jefeso || M. |

Create | | Close

| | Help
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g. Finally, we want to probe nearby node locations in the Z direction to see if we observe
a higher displacement. Remember that the coordinates of (0,10,20) correspond to the
location of maximum distortion in the experimental portion of the calibration. In the
simulation the location of maximum distortion may shift a little bit since the element
size is larger than the layer thickness. At (0,10,20.5) the distortion value of 0.169 mm
is higher than at (0,10,20) so that is what we will use for the first calibration iteration.

]

Parts
Name d

v Casel
sim375-on-plate-stress-displacement 1

BB JDER R ¢

Show  Coor  Color by

v/ B disp_mmX]

L35 HedzFhes AN

ANSYS

2021 R1

7
¥
g X

e Create/edit probe query

Probe reate  Display style
‘Which variables?

() sig_yz_MPa_
() sig_zx_MPa_

() mas_sig_xx_T_MPa_
() ma_siq_xx_C_MPa_
() mas_sig_yy T_MPa_
() max_sig yy C_MPa_
() ma_siq_zz T_MPa_
() ax_sig_zz C_MPa_
() disp_mm_

) diep_mm_[x]

() disp_rar_I¥]

Plots/q Show companents

Name
~| Probe cou

Quer| Query |XYZ

Clear selection

-

I:«\U ¥ [0

|z (205

Display results table...

I Create I Close

Help

Varizbles

Annotatons  Flots/queries

Viewports  States

disp__mm_[X]
1.767e-01
8.829e-02
-1.001e-04
-8.849e-02
-1.769e-01

i

mS575-on-plate-stress-displacement: 14880 client 40800 server elements

O*7b%

@FFfde

2.8.Use Calibration Spreadsheet

A spreadsheet is used for the SSF calculations.

1.

Open the Ansys Additive Calibration Sheet .xlxs file.

2. Click Calibration for AS tab.
3. Enter 0.242 mm as the experimental distortion target (measurement) in cell E5.

In the Linear Elastic table, record the simulation number, in our example it is 575, in cell D9

4,
and then the distortion result 0.169 mm from the first calibration iteration in cell E9.

The calibration spreadsheet will automatically calculate a new SSF value for the next simulation
iteration, shown in both cell G9 and F10. At the same time, it will also calculate the % error

between the simulation and the experimental distortion value.
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Run Subsequent Calibration Iterations

SSF Calibration for Assumed Strain Simulations

3 {mm)
4 Geometry Nominal i Extract distortion value at the location of interest from
models built with third scan pattern (rotating stripe)
_ Measurement 0.242
5
6
7 o Simulation | Simulation . . Simulation settings New settings
= i il Distortion (mm) Error¥
g v iteration number SSE SSE
g = 1st 575 0.169 < 1000 1432 20.2%
= X
- - 2nd 1432
5
1 3rd
12
13 Simulation | Simulation . . Simulation settings MNew settings
i i Distortion {mm) Error%
14 iteration number SSF SSF
15 = 1st 1.000
16 g 2nd
-
17 g 3rd
18 a 4th
19 = Sth
20 6th
21 7th
22

3 Cover Page

Results Summary Calibration for AS Calibration for SP

2.9. Run Subsequent Calibration Iterations

Fine tune for SP

Calibration for TS

Exp distortion

Sim distortion

New SSF for next
calibration iteration

Fine tune for TS

Perform a new simulation with all inputs unchanged except for the new SSF value. To make it easy, use
the Duplicate button on the simulation results page to copy the first iteration to a new simulation

form.Then change the simulation description (to note 2nd iteration) and the SSF value and click Start.
Iterate until the calculated SSF converges to an acceptable level of error between measured and simu-
lated, or until the results will not get any better.

In our example, the best simulation result is achieved in the 2"4 iteration with SSF = 1.432, which yields

a 0.0% error.
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Varizbles | Annotations  Plots/queries  Viewports  States
Of 1

5im576-on-plate-stress-displacement: 14880 client 40800 server elements

#k EnSight Standard 2021 R1 :: (...ples\AP Tutorisl Models\d_pillars\simST6-on-plate-stress-displacement.vtk) - O
File Edit Creste Query View Tools Window Case Reports Help
?, == g B! . TRE
B pPmE ar & £ dedrnmay
Parts 8 x ANSYS
Name I Show Color Colorby 2021 R1
v Casel
e Creste/edit probe query x
Probecreate  Display style
Which variables?
() max_sig_zz T_MPa_ ~
() max_sig_zz C_MPa_
() disp,_mem.
) disp_mm._1X]
O disp_mm_[¥]
() disp_mm_[Z]
(] Ceordinates
() Coordinates[X]
() Coordinates[v]
| [0 Coordinatesiz1 |
Ploklrg () Time v E‘
Queri
Plotte] Query Probecount 1 [5]
x [o | ¥ [10 |2 [205 |
z disp__mm_[X]
X 2.530e-01
1.264e-01
-1.433e-04
[Ceete ]| cose || e -1.267e-01
-2.533e-01

Ll B & /B %

i EHE
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Save Calibrated Material

S5F Calibration for Assumed Strain Simulations

Distortion {mm)
Geometry Nominal Extract distortion value at the location of interest from
models built with third scan pattern (rotating stripe)
Measurement 0.242

- Simulation | Simulation ) ) Simulation settings Mew settings
= i i b Distortion (mm) Error¥
g iteration number SSE SSF
w
. 1st 575 0.169 1.000 1.432 30.7%
7]
I 2nd 576 0.242 1432 1432 0.0%
al

3rd 1.432

Simulation | Simulation i i Simulation settings Mew settings
) ) Distortion {mm)} Errorfa
iteration number SSF SSF

E‘ 1st 1.000
— 2nd
)
B 3rd
o 4th
= 5th

6th

7th

2.10.Save Calibrated Material

In the Results Summary tab of the spreadsheet, record the calibrated SSF for future Assumed Strain,
Linear Elastic simulations in Ansys Additive using Ti-6Al-4V.

Summary of Results

Material | Stress Mode Assumed Strain Scan Pattern Thermal Strain
SSF SSF
_ _ asc|| ASC||
Linear Elastic SSF 1.432
ASCL ASC L
ASC z 1.000 ASC 7 1.000
316L = =
SSF SSF
- asc|| ASC||
12 Plasticity SSF
ASCL ASC L
ASC 7 1.000 ASC 2 1.000

Within Additive Print, we recommend you save the final SSF by creating a customized "calibrated ma-
terial." In the Materials Library, select your original material and then click Customize. This brings up an
edit panel where you can change the title, description, and SSF value for your calibrated material. Then
be sure to select the appropriate custom material when performing future simulations.

Congratulations! You have completed the tutorial.
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Chapter 3: LPBF Simulation - Bracket

This tutorial demonstrates how to perform a laser powder bed fusion (LPBF) additive process simulation
in Mechanical using the LPBF Process Add-on. The following table shows the features used.

Applicable products:

Workbench/Mechanical

An Additive Suite license is required in addition to the license for
Mechanical.

Level of difficulty:

Easy

Interactive time required:

10 minutes to set up, 85 - 95 minutes to solve, 10 minutes to review
results®

Manufacturing process:

Laser powder bed fusion (LPBF)

Simulation/system type:

AM LPBF Thermal-Structural

Material: AlISi10Mg
Geometry: One part and one volumeless STL Support
Mesh: Part: Layered tetrahedral elements

Support: Voxel elements

AM steps simulated:

1. Build and cooldown
2. Base unbolting
3. Base removal

4. Support removal

Features demonstrated:

LPBF Process Add-on, LPBF Setup Wizard[b], animation, section plane,
AM result items

Help resources:

Using the LPBF Setup Wizard

la] This is an approximate range. The amount of time it takes you to complete the tutorial
depends on the computer system and the number of CPU cores you use, the working pace

that is comfortable for you, and so on.

tb] This tutorial demonstrates the default Windows-based wizard introduced in Release 2023
R2, which is incompatible with Linux. Instead, Linux users will use the Legacy LPBF Setup
Wizard, which is launched for Linux users by default. Although the GUI options and beha-
viors differ, Linux users should be able to follow along using the same engineering content.

Tutorial steps:

3.1.Problem Description

3.2.Create the Analysis System

3.3.Import Geometry and Launch Mechanical
3.4.Load the LPBF Process Add-on and Open the LPBF Setup Wizard
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LPBF Simulation - Bracket

3.5.Complete Wizard Step 1 - Model Setup
3.6.Complete Wizard Step 2 - Build Settings
3.7.Complete Wizard Step 3 - Postprocessing Options
3.8.Solve

3.9.Review Results

3.1.Problem Description

We will be simulating the additive manufacture of the bracket shown in the following figures. This
geometry is one that is typical of a part that has been light-weighted using topology optimization. The
first figure shows the part geometry and the second figure shows the part with its support on the ad-
ditive build plate. The build material is AlSi1T0Mg.
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Create the Analysis System

Tutorial Files
Click here to download the following:

« bracket _on_base. scdoc - Geometry file of the bracket part and a base plate, saved as an
Ansys SpaceClaim document.

+ bracket _support _vl ess. st| - Support structure for the bracket.

3.2.Create the Analysis System
1. Open Ansys Workbench.

2. In the Toolbox on the left side of the window, scroll down to Custom Systems, expand the se-
lection, and double-click AM LPBF Thermal-Structural to bring up the linked Transient Thermal,
Static Structural system in the Project Schematic. The Transient Thermal system is named AM
LPBF Thermal and the Static Structural system is named AM LPBF Structural.
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l_] ﬁ LH lﬂ Project

ﬁ]lmport... | =@ Reconnect Refresh Project # Update Project ==ACT513rtPage

Toolbox Project Schematic * I
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g Rigid Dynamic

ER speos

W Static Acoustics

feal Static Structural

ﬂ Steady-State Thermal

2 Structural Optimization

% Substructure Generation

E] Thermal-Electric

:J Throughflow

A - B
Transient Thermal )W 7 Static Structural
a2 @ Engineering Data
a1 9 Geometry
W3 G Model
4 a5 @ setp

& Solution 4 6 Solution
-j; Throughflow (BladeGen) 9 Results 4 7 @ Results
[z Transient Structural
E Transient Thermal AM LPBF Thermal AM LPBF Structural
@ Turbomachinery Fluid Flow
Component Systems
B Custom Systems
AM DED Process
AM LPBF Inherent Strain
AM LPBF Thermal-Structural
Pre-Stress Modal
Random Vibration

Response Spectrum
Thermal-Stress

Design Exploration

Engineering Data

0

@, Setup

S = T T R S R U R R |
g
(=8
m

I IR

o) | o) | o) | ol o) | &

2

optiSLang

optiSLang Integrations
ACT v

| T View All / Customize...

o Ready J¥ 10b Monitor... | B No DPS Connection || Show Progress || %1 Show 0 Messages K

3.3.Import Geometry and Launch Mechanical

In this step, import the geometry file in Workbench and then open the Mechanical application.
1. In the Transient Thermal system, right-click Geometry and select Import Geometry.

2. Click Browse and navigate to the bracket geometry file (br acket _on_base. scdoc), select it,
and click Open to add it to the analysis. A green check mark appears next to the Geometry cell in
the Project Schematic when the geometry is added.

- A - B

I T

2 @ Engineering Data W 4 =52 Q Engineering Data ' A
J/3 |e Geometry > 1 2 Edl Geometry 2 .

4 @ oo [B New Discovery Geometry... =

[ New SpaceClaim Geometry... - 4

5 a Setup New DesignModeler Geometry... F A

6 Solution Import Geometry \ 2J|ﬁ] Browse...

7 | @ Results By Ouplicte - [4F Browse From Onshape (Beta)...

AM LPBF Theri Transfer Data From New v qal
Transfer Data To New 3
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Load the LPBF Process Add-on and Open the LPBF Setup Wizard

3. Double-click the Model cell in the Transient Thermal system to launch the Mechanical application.
A message "Starting Mechanical" appears in the status bar in the bottom, left corner. It may take
several seconds for the application to open and attach the geometry.

- A - B

1 1,; Transient Thermal 1 : Static Structural

7 | @ Engineering Data v = 2 |@ Engineering Data v

3 Geometry + 53 Geometry v A
_£}4|.Model E‘+—4@Mode| &

5 |G Setup 7 7

y -/-t 5 @@ setp .
(] Solution . ) Solution
7 9 Results . 7 9 Results P

AM LPBF Thermal AM LPBF Structural

o]
o]

o]
il

4. Once Mechanical is open and you see the model, set the units for this model to millimeters. From
the Home tab in the ribbon, in the Tools group, select Units > Metric (mm, kg, N, s, mV, mA).

= T Systems A,B - Mechanical [Ansys Mechanical Enterprise] - 0O x

Home  Model  Display  Selection  Automation  Add-ons  Leaming and Support Quick Launch ~ @D o
D &out X Delete | |My Camputer - % EIF SnNamed Selection [ Commands [@]images™ B ﬂ R Tags (D Manage Views &' Print Preview SiManage~

B copy QFind | Distributed il Bl i coordginate system [ Comment Elsmmn\f/ = @ wizard [[selection Information 4 Report Preview [Muser Defined ™

ORI By pocte BaTreer | Cores 8 Solve Jepuie AnaSS g pemote Point | chart [ &nnotation Worksheet. Kefftame o chow Errors J Unit Converter Ekey Assignments | ghann (JReset Layout
Outline Solve [ Insert Unit Systems Layout

Outfine = +25ciianiiiiie ROX C @ Q|[@]w &% % G-+ @ @ @ @ @ Select  Mode([7] Metricm, kg, N5V, 4 - | FlClipboard~ [Empty] | & Extend~ 9. Select By~

% Name v | Search Outline |~ Metric (cm, g, dyne, s, Vi, A)

[ Project* Metric (mm, kg, M, 5, mV, ma)

- (5 Model (A4, B4)

8] Geometry Imports Metric (mm, t, N, 5, mV, mA]

/@ Geometry
{8 Materials
2 Coordinate Systems
- 4{&) Connections
@D Mesh
2:Ji AM Process
= Transient Thermal (As)
HH Analysis Settings
B9 Solution (A6)
{5 Solution Information
-9 Static Structural (BS)
HH Analysis Settings
(= Imported Load (A6)
B Solution (86)
w7 (5] Solution Information

Metric {mm, dat, N, 5, mV, mA]

Metric (mm. kg. N, s, mV, mA)
Set the units to this base system.
Metric {um, kg, uM, s, V., mA}

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

U.5. Customary (in, lom, Ibf, °F, 5, V, A}

Angle

Degrees

Radians

Rotational Velacity

rad/s

RPM

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

Details of "Model (Ad, B4)" i w b 0 X
=| Lighting
Ambient |01
Diffuse 06
specular |1
Color
= Advanced v
Window Title | Default
Filter Control | Enabled ‘k
0.000 0.035 0.070(rn} 7 e
[ EEEEa——. .|

0.8 0053

Set the units to this stem. Messages pane Mo Selection & Metric (m, kg, N,5,V, &) Degrees radfs Celsius

3.4.Load the LPBF Process Add-on and Open the LPBF Setup Wizard

1. From the Add-ons tab in the ribbon, in the Additive Manufacturing group, select LPBF Process to
load the add-on. It takes a few seconds to load.
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Systems A, B - Mechanical [Ansys Mechanical Enterprise]

Context
Home Mesh Display Selection Autom 1 Add-ons Learning and Support LPBF Process
e S »
b ® 4wme 9 a bkl 2 e @
DesignlLife NWVH Faorced Drop Bolt Statistics on | Hydrodynamic Offshaore Agw LPEF DED  Sintering  Distortion Variable Motion Load = Add-ons
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2. When the LPBF Process tab appears in the ribbon, select LPBF Setup Wizard to open the wizard.

Context Systems A,B - Mechanical [Ansys Mechanical Enterprise]

Home Mesh Display Selection Automation Add-ons

W & & & =5 =
= =
2
LPEF LPBF Hotspot Time LPBF Recoater LPEF High LPEF CElIM LPEF Setup
Hotspot Correction (Beta]  Interference Strain Wizard Wizard

Learning and Sup\_z’! LPEF Process

When the wizard launches, the view of the model automatically changes so that the positive Z-axis
points upward to match the build direction.

You may want to widen the application and/or wizard window to allow more space to see the wizard
options.
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Model Setup
Build Settings

Postprocessing
Options

* Build Geometry
Part Geometry Selection
Input required.

Support Action ® none

O add Support

O Remove Suppors

~ Base Geometry
Base Scoping Method

Apply Changes ® Geometry Selection
O Create Base
Generate Mesh Base Geometry Selection Apply
Input required.
Read from Tree * Material Assignment
Build Material -
Advanced Options. Input required.
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Build Element Size | 0.001 m
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Exit Wizard B; MNext

Messages pane Mo Selection
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3.5.Complete Wizard Step 1 - Model Setup

In this step, set up the model by identifying the build and base geometries, adding the STL Support,
assigning the material, and defining the mesh criteria. A layered mesh in the positive Z direction is re-
quired in an LPBF additive simulation so that the analysis follows the build process itself: layer-by-layer
solidification of the part. See Methodology and Abstractions in the LPBF Simulation Guide for additional
information.
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Complete Wizard Step 1 - Model Setup

. Select the bracket body and click Apply in the Part Geometry Selection field. Note the Body picker

is active by default.

. Add the support:

a. In Support Action, select Add Support.
b. For Support Type, keep the default STL Supports option.

c. Click Edit in the STL Support File field, then browse to the bracket support structure file
(bracket support vl ess. stl),select it and click Open.

d. For STL Support Type, keep the default Volumeless option.
. Select the base body and click Apply in the Base Geometry Selection field.

Under Material Assignment, choose AlISi10Mg as the Build Material from the drop-down menu.

. Set mesh criteria:

a. Choose Layered Tetrahedral as the Mesh Method.

b. Specify Build Element Size = 1.25 mm, slightly larger than Mesh Layer Height. This allows
any given tetrahedral element to have a non-Z-direction edge length of up to 1.25 mm but
still maintain the T mm layer height in the Z-direction.

c. Specify Mesh Layer Height = 1 mm. This value is larger than recommended for the model,
but it is used in the tutorial for speed considerations. Our general guideline for a "super
layer" is to use 10-20 times the size of the machine deposition thickness.

d. Set Base Element Size = 10 mm. The base plate does not need to have as fine a mesh as
the part.

. Click Apply Changes to update the project tree with all of our inputs.

. Click Generate Mesh.

Important:

Be sure to click Apply Changes first before generating the mesh. This ensures the additive
bodies (part/support/base plate) are identified correctly and a layered mesh will be gen-
erated.
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Complete Wizard Step 1 - Model Setup

0.00 40.00 (rrirm)

20,00

Review the objects and options in the project tree that were created or updated when you clicked
the Apply Changes and Generate Mesh action buttons. Mesh objects, contact objects and others
have been added or changed automatically by the wizard. Review the Details of related objects to
see the wizard options you specified. Notice the Named Selections for the build body, the base
body, and sets of element faces used for contact connections. Contact connections—between the
support and the base plate (Build To Base), and between the part and its support (AM Bond)—are

created when the mesh is generated.
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8. At the bottom of the wizard panel, click Next to move to the next wizard step.
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Complete Wizard Step 2 - Build Settings

3.6. Complete Wizard Step 2 - Build Settings

In this step, we consider simulation assumptions, calibration factors, machine settings, build conditions,
and boundary conditions.

Simulation assumptions are set by default based on the chosen AM LPBF type. In this tutorial,
we used a thermal-structural system.

We'll use the default Thermal Strain Calibration Factor of 1. This factor scales the thermal strains
in a thermal-structural simulation and its value is determined from calibration experiments.

Machine settings are process parameters that directly influence how the process deposits mater-
ial. We will use Ansys-supplied values for generic AlSi10Mg material.

Build conditions are settings pertaining to the environment around the part during the deposition
process and during cooldown. This includes Preheat Temperature.

For thermal boundary conditions, the underside of the base is typically heated to maintain a
constant, slightly elevated temperature. By default, the underside surface of the base is already
selected and a convection will be applied automatically.

For structural boundary conditions, the underside of the base should be fixed. By default, the
underside surface of the base is already selected and the fixed support will be applied automat-
ically.

In the project tree (outside of the wizard), select the Build Settings object (under the AM Process
object), right-click, and choose Load Build Settings. A folder of Ansys-supplied sample files appears
by default. Select Generi c_Al Si 10My. xm and click Open.
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The step just performed loads the material properties for AlSi10Mg into the project tree. Back in the
wizard, use the Read from Tree button to update the wizard panel with those same properties.

2. In the Build Settings step of the wizard, click Read from Tree.

Release 2024 R1- © ANSYS, Inc.Allrights reserved.- Contains proprietary and confidential information
of ANSYS, Inc.and its subsidiaries and affiliates.

50




Complete Wizard Step 2 - Build Settings

Wizard -« 1 X

I LPBF Setup Wizard \NSYS | scr

Model Setup Simulation Settings

Li-bE sifmuiation /ype | Thenmal - Sruciirs

Build Settlngs Calibration Settings

Thermal Strain Scaling Factor | 1

Postprocessing

Options Machine Settings
Hatch Spacing 01 mm
Deposition Thickness 0.05 mm
Apply Changes Scan Speed 1000 mmi's
Dwell Time 10 5
2, Readfrom Tree Dwell Time Multiplier 1

Mumber of Heat Sources 1

Advanced Options ) .
Build Conditions
Preheat Temperature | 100 C
Help
Base Thermal Boundary Conditions
Base Face Selection 1 Face Apply
Base Structural Boundary Condition (Fixed Support)
Base Face Selection | 1 Face Apply
Exit Wizard Back UL

Immediately the properties in the wizard panel are updated to reflect those of AlSi10Mg.

Click Apply Changes to update the project tree with the other settings from this wizard step, includ-
ing the pre-populated face selections for the boundary conditions.

Click Next to move to the next wizard step.
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Wizard * I X
i' LPBF Setup Wizard \NSys / acr
Model Setup Simulation Seftings
LFBF Simulation Type | Thenmal - Structiira

Build Settlngs Calibration Settings

. Thermal Strain Scaling Factor 1

Postprocessing

Options Machine Settings
Hatch Spacing 0175 mm
Deposition Thickness 0.03 mm

3 . Apply Changes Scan Speed 1400 mmis
Dwell Time 10 5
Readfrom Tree Dwell Time Multiplier 9
Mumber of Heat Sources 1
Advanced Options ) o
Build Conditions
Preheat Temperature | 25 C
Help

Base Thermal Boundary Conditions
Base Face Selection | 1 Face
Base Structural Boundary Condition (Fixed Support)
Base Face Selection | 1 Face

Exit Wizard kj'l

3.7.Complete Wizard Step 3 - Postprocessing Options

In this step, select the post-build processing steps to simulate and select LPBF result items to be calcu-

lated during solution.

1. Select Base Unbolting, Base Removal, and Support Removal as the Postprocessing Steps.

2. Select Directional as the Base Removal Type, then define Removal Step Size = 10 mm and Removal
Direction = 90°. This will simulate the removal of supports in increments of 10 mm in the global Y

direction on the X-Y plane.
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Complete Wizard Step 3 - Postprocessing Options

Keep the default check boxes to calculate all LPBF Results. We will modify their settings individually
next.

. For the Hotspot Result, select User Defined as the Threshold Definition, then define a Warning
Threshold = 135°C, which is 100° above the Preheat Temperature, and a Critical Threshold = 235°C.

For the Recoater Interference Result, select Layer Thickness Based as the Threshold Definition, then
define Powder Packing Density = 0.6.

. For the High Strain Result, select User Defined as the Threshold Definition, then define a Warning
Threshold = 0.1 and a Critical Threshold = 0.2.
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7. Click Apply Changes to update the project tree with our selections for postprocessing steps. To

review that the steps have been added, look at the AM Process Sequence worksheet. Select the AM
Process object in the project tree, click the AM Process tab, and then select the Sequence button.
The Sequencer appears. There you can see the postprocessing steps that were added by the wizard.

Context

o G
Home

[ x

AM Process

é} B =

Q | solve | Analysis
Cutline SD‘IVEE ) "
Outline -
Name -
T Project*

B (& Model (A4, B4)

-‘,E' Geometry Imports

/8 Geometry

-‘,@ Materials

5 Coordinate Systems
/%] Connections

/0 Mesh

: il Build Settings
(- =) Support Group

- % Named Selections
Transient Thermal (A5)
fui Static Structural (B5)

Systems A B

Display Selection Automation Add-ons Learning and Support LPEF Process
E (@ images~ T -
; ! STL
[Jcomment [FHsection Plane
|_Chart E}Annotation Sequence Séfopuoprt Predefined Generated STL CBrS?
Insert AM Process Supports
L Al AN Process Sequence
i Transient Thermal - Reset all
Transient Thermal Static Structural
Build ‘ Build
Cooldown ‘ Cooldowin
Base Unbolt
Base
STL Support
Add Step + | Add Step -

8. Click Add Results. This will add the standard result items to the project tree, specifically Temperature

for the thermal system and Total Deformation, Equivalent Stress, and Equivalent Total Strain for the
structural system, and the LPBF results. Note that the Add Results action button is similar to the

Generate Mesh button in that its action is separate from the Apply Changes button. This allows the
flexibility to add multiple versions of LPBF result items if desired, perhaps with different criteria

defined for each.
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Complete Wizard Step 3 - Postprocessing Options

Outline « 1 OX
© Name - W
{ }Project*

----- @ Geometry Imports
----- 8 Geometry
----- Lo Materials
----- - Coordinate Systems
Connections
..... », Eﬁﬁ Mesh
----- o J AM Process
----- & Named Selections
----- =i Transient Thermal (A5}
,,;Hﬂ Analysis Settings
- /9 Build Boundary Condition
b g 48 Coaldown Boundary Condition
=& Solution (A6)

----- 5] Solution Information
/%@ Temperature

E;

B[ Static Structural (B5)

- 0] Analysis Settings

- 8, Fixed Boundary Condition

------- 1= Imported Load (AS)

=) Solution (B6)

#{5} Solution Information

/%@ Total Deformation
/%@ Equivalent Stress
/@ Equivalent Total Strain
-/ LPBF Recoater Interference
.../ LPBF High Strain

Click Exit Wizard.

Note:

Clicking Finish will apply all changes to all wizard steps sequentially and then close the
wizard. Since we already clicked Apply Changes in all the wizard steps, we can simply

exit the wizard.

Answer Yes to exit to the wizard start page and then click the x in the upper right corner to close

the wizard panel.
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Solve

Wizard 1 xf—-*f X
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o Wizards \NSys  acr

Q |
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[ ¥ 1
L.

CalibrationWizard Legacy LPBF 5...

T

LPBF Setup Wizard

The simulation is ready to solve when you have completed the last step in the wizard, but be sure to
review the status and settings of the project tree one more time. Look for green check marks to the
left of required objects and yellow lightning bolts for items that are ready to solve. A question mark
next to an object indicates the required inputs are not complete.

3.8.Solve

1. Under the Home tab in the ribbon, find the Solve group. Set the number of CPU Cores to solve

with for this simulation, considering your computer capabilities and licensing for HPC. This example
uses 10 cores.

Context Systems AB - Mechanical [Ansys Mechanical Enterprise]

Home Solution Display Selection Automation Add-ons Learning and Suppart LPEF Pracess

Scut X Delete | My Computer - éj} | &= E commands (@ Images~ X DD

HCopy QFind v Distributed IIII : LI Comment mkction Plane =

Duplicat Sol R Analysi Tool L t

UD'ICE S m Bar 1  Cores 10 ovve Prsfj?g:ir;; na'ysm @, Llil Chart B Annotation 0:]5 ayvou
Outline — Solve ] Insert

2. To set up a plot of overall temperature that may be updated throughout the solution, under Transient
Thermal, Solution, right-click Solution Information and select Insert > Temperature Plot Tracker.
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B Solution (A6)
&

/@@ Temperature Insert P [ Temperature
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3. To set up a plot of overall deformation that may be updated throughout the solution, under Static
Structural, Solution, right-click Solution Information and select Insert > Deformation Plot Tracker.

-‘/Hﬂ Analysis Settings
-, Fixed Boundary Condition
Imported Load (AG)
El--+ & Solution (B6)

i
- @@ Total Deformation Insert 4
@@ Equivalent Stress g
/%P Equivalent Total 51
/@7 LPBF Recoater Int - Rename F2
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Deformation

Solve Contact

Kinetic Energy
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Damping Energy
Artificial Energy

Monlinear Stabilization Energy

@AIIID DD

Deformation Plot Tracker

4. Click the Solve lightning bolt button in the ribbon to initiate the solution. The Transient Thermal
analysis will solve first followed by the Static Structural analysis. Depending on the number of cores
specified and the machine used to run this model, the simulation may take a couple hours to com-
plete.

ﬂ 5= Context Systems A B - Mechanical [Ansys Mechanical Ent
Home Solution Information Display Selection Automation Add-ons Learning and Support LPEF Process
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- C3‘\,: Remote Point L_I_L[ Chart Eﬁnnotation
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Solve (F5)
Solve the simulation
using the selected
solve handler.

(L) Press F1 for help.

MName w | Search Outlineg | ™
T Project*
B & Model (A4, B4)
Bl A5 Geometry Imports
; T8 Geometry
----- A Materials

5. (Optional) Occasionally during the thermal solution, right-click the Temperature tracker and click
Update Result to see a live update of temperature results.
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= | Results
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6. (Optional) Occasionally during the structural solution, right-click the Total Deformation tracker and
click Update Result to see a live update of deformation results.
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7. Under the Result tab in the ribbon, change the display scale to 1.0 (True Scale) for a better view
of deformation. By default, the scale is set for an exaggerated display.

Context Systems AB - Mechanical [Ansys Mechanical §
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3.9.Review Results

Once the solve is complete, results can be viewed by clicking result items in the tree. We'll start by re-
viewing the thermal results followed by the structural results.

3.9.1.Thermal Results: Temperature and Hotspot

3.9.2.Structural Results: Deformation, Recoater Interference, and High Strain

3.9.1.Thermal Results: Temperature and Hotspot

1. Under Transient Thermal > Solution, click Temperature to view the temperature results. (Note
that the Temperature object under Solution Information shows only a snapshot of results
whereas the Temperature object under Solution shows the full thermal history when the
thermal solve is complete.)
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Review Results
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2. To view the result at different time steps, right-click anywhere within the time graph located
at the bottom left corner of the screen, or at any time in the tabular data at the bottom right,
and select Retrieve This Result.

ph b 1O

Animation 4 P li‘ l T 20 Frames <250 (Aute)  ~| B Time [s] [v Minimum [*C] [ Maximum ] ([ Average ['] |Identifier A
2148.6 96.767 100, 98477 Build Step
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kst : & kkk k E E I h I\ '3 ) Z ' Retrieve This Result Copy Cell 102,77 Euild Step
26.67 o I 2 Retrieve This Result g 98.395 Build Step
SHRGLL 68.29 Build Step
70 |2 Create Results ieve This Result |74 52 Build Step
=] T2 i - 2.77 Build Step
[ Build Step [Cooldo...| 72 |2 . 98.26 Build Step
73 12 Select All 168.06 Build Step

Graph | Messages 74 | 24370 LIRS 175.5 Build Step v

Select All

Here is the result at time = 3009.6 seconds, just as a new layer is deposited. You can see the
highest temperature is 570°C, which is the melting temperature for AlSi10Mg. The layers below
the new layer had already cooled rapidly.
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3. Use the animation controls at the top of the Graph window. Click the Result Sets button =

A: AM LPBF Thermal
Termperature

Type: Temperature
Unit: *C

Tirne: 3000.6 ¢

570 Max
517.38
464,75
A412.13
35951
306,89
254.26
201.84
149,02
96.395 Min

0.00 20.00 40,00 {rmrm)
I .

10.00 30,00

m

and the Update Contour Range at Each Animation Frame button i, Adjust the number
of seconds for the animation, then click Play. See Animation in the Mechanical User's Guide
for more information about animation controls.

Gaph G ma

Animation |4 | D 110 Sec - T EE .
S|

Graph = Messages
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b

The image above is an animated gif. The animation is not viewable in PDF format.

Under Transient Thermal > Solution, click LPBF Hotspot. This result shows the temperature
that each layer cools down to before a new layer is added. The worst hotspots are going to
be the areas with the highest temperature for that layer. This result can reveal areas of
overheating that may be of concern. Overheating can lead to poorly shaped melt pools that
can affect material properties and porosity in the part.

For this bracket, the entire part looks blue, meaning there are no hotspots to worry about
given the threshold criteria we specified. But hotspot results are localized (based on nodal
values), not averaged across the layer. We'll use a section plane to reveal any possible hotspots
inside the part.

a. Click the Home tab, then Section Plane.

b. Holding the left mouse button, draw a line anywhere through the part to create the
section plane. When you release the mouse button, the part appears cut at the plane.
Rotate the part so that you can see the interior.
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c. In the Section Planes panel at the bottom left corner of the Ul, select the newly created
section plane and click Edit Section Plane.

8 anes * 1 OX
db X <o @ & _

Edit Section Plane
Edit a Section Plane

/j by dragging the
Section Plane anchor,

(1) Press F1 for help.

Details | Section Planes

Drag the section plane anchor back and forth to see the inside of the part. Again,
based on our hotspot threshold criteria, there are no green or red areas, indicating
that there are no hotspots to be concerned about.
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. 50,00 ()
________EEEa—____ ESS—
12,50 37.50

d. Clear the check box in the Section Planes panel to see the entire part again.

Section Planes
imm I X
LSl Section Plane1

Details | Section Planes

| IS}

-

3.9.2.Structural Results: Deformation, Recoater Interference,and High Strain

Now let's look at structural results.

1.

Under Static Structural > Solution, click Total Deformation to view the deformation results.
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You can zoom in on a specific subset of time steps and animate the results. Below is an an-
imation of total deformation showing just the zoomed-in results which include the last few
substeps of the cooldown step, and the base unbolting, base removal, and support removal
steps.
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Animation |4 b [W]+] | I [M] e 10 5ec - B QR > = E| 300

_.0.30281
£ — _’./'f/
E 0375 M

£ e

0.

45915 5238.9 5830. 6421, 70121
[s]
[ Build Step [Cooldown Step| Base Unbolt [Removal Ste... EITIEIS M
Messages  Graph
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B: AM LPEF Structural
Total Deformation
Type: Total Deformation
Unit: mm
Time: 51263

0.44854 Max

03987

0.34886

049903

024319

019935

0.14351

0.009676

0039638

0 Min

The image above is an animated gif. The animation is not viewable in PDF format.

2. Under Static Structural > Solution, click LPBF Recoater Interference to view recoater inter-
ference results.

B: AM LPBF Structural
LPBF Recoater Interference
Expression: RES170
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2\
LT d
BISENS iVl W VW

Ny A - K
DRV Y AR
L f "

v,

0.000 15,000 30.000 (rm}
L EE—— [ ES—

7.500 22,500

3. Under Static Structural > Solution, click LPBF High Strain to view the high strain results.
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B: AM LPBF Structural
LPEF High Strain
Expression: RES198
Unit: mm/fmrn

Time: 70121 5
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0 Min

0.000 15.000 30,000 {mm}
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Congratulations! You have completed the tutorial.
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Chapter 4: DED Simulation - Racetrack

This tutorial demonstrates how to perform a Directed Energy Deposition (DED) process simulation using

the DED Process Add-on in Mechanical. The following table shows the features used.

Applicable products:

Workbench/Mechanical

An Additive Suite license is required in addition to the license for
Mechanical.

Level of difficulty:

Easy

Interactive time required:

10 minutes to set up, 55 - 60 minutes to solve, 10 minutes to review
results®

Manufacturing process:

Directed Energy Deposition (DED)

Simulation/system type:

AM DED Process

Material: Inconel 718
Geometry: One part on planar base plate
Mesh: Cartesian elements

Build and cooldown

DED Process Add-on, DED Setup Wizard, G-Code file defining tool path,
G-Code clustering approach

AM steps simulated:

Features demonstrated:

Help resources: Introduction to DED Additive Manufacturing

lal This is an approximate range. The amount of time it takes you to complete the tutorial
depends on the computer system and the number of CPU cores you use, the working pace
that is comfortable for you, and so on.

Tutorial steps:
4.1.Problem Description
4.2.Create the Analysis System
4.3.Import Geometry and Launch Mechanical
4.4.0pen the DED Process Wizard
4.5.Wizard Step 1 - Identify Geometries
4.6.Wizard Step 2 - Generate Mesh
4.7.Wizard Step 3 - Set Up for Element Clustering and Create Contact Connections
4.8.Wizard Step 4 - Assign Materials
4.9.Wizard Step 5 - Define Build Settings and Thermal Boundary Conditions
4.10.Wizard Step 6 - Define Structural Boundary Conditions and Base Removal
4.11.Perform Element Clustering

4.12.Solve the Transient Thermal Analysis
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4.13.Review Thermal Results
4.14.Solve the Static Structural Analysis

4.15.Review Structural Results
4.1.Problem Description
We will simulate the DED printing process of this racetrack-shaped model, shown here on a planar
baseplate. The print direction is in the global Z-direction. A G-Code file is used to control the tool path

and we will use that for element clustering. The geometry is sliced such that there are four layers through
the height of the track.

275.66mm -
\ I - {

Inputs

Material Inconel
718

Deposition Thickness (mm) 3

Deposition Rate (mm?/s) 72

Preheat Temperature (°C) 80

Process Temperature (°C) 1370

Tutorial Files

Click here to download the following:

+ DED_Racet r ack. scdoc — Geometry file of the racetrack part and a base plate, saved as an
Ansys SpaceClaim document.

« DED Racetrack_G- Code. t xt — G-Code machine file that controls the build order.
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Import Geometry and Launch Mechanical

4.2, Create the Analysis System

1. Open Ansys Workbench.

2. In the toolbox on the left side of the window, scroll down to Custom Systems, expand the se-
lection, and double-click AM DED Process to bring up the linked Transient Thermal, Static
Structural system in the Project Schematic.
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4.3.Import Geometry and Launch Mechanical

In this step, we import the geometry file in Workbench and then open the Mechanical application.

1. Right-click the Geometry cell in the Transient Thermal system and select Import Geometry >
Browse.

2. Navigate to the racetrack geometry file, select it, and click Open to add it to the analysis. A
green checkmark appears next to the Geometry cell in the Project Schematic when the geometry
is added.
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B3 Unsaved Project - Workbench — O *
File  View Tools Units Extensions  Jobs  Help
GRBBe
|J Lﬁ Lg lﬂ Project
ﬁ] Import... | -+ Reconnect Refresh Project  # Update Project == ACT Start Page
M e e =
- ) ~
[&) Electric
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P
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¥ . &
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StaticAcoustics Transfer Data To New 4
[ Static Structural
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I Thermal-Electric
& Transient Structural ===
™ Transient Thermal Eldl Rename
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AM DED Process Add Nate
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| T View All f Customize...
@ Double-tick component to edit. "™ 30b Monitor.... | B0 No DPS Connection | Show Progress || %1 Show 0 Messages

3. Double-click the Model cell in the Transient Thermal system to launch the Mechanical application.

A message "Starting Mechanical" appears in the status bar in the bottom, left corner. It may
take several seconds for the application to open and attach the geometry.
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Open the DED Process Wizard
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Once the Mechanical application is open, look for a "Ready" message in the status bar.

4.4.Open the DED Process Wizard

The DED Process Add-on is loaded automatically when you use the AM DED Process custom system.
1. Click the DED Process tab at the top of the user interface to access the add-on's custom ribbon.

2. Click Open Wizard from the ribbon to open the wizards panel.
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= Context Systems A B - Mechanical [Ansys Mechanical Enterprise]
Home Model Display Selection Automation add e ] DED Process Quick Launch ~ D 9
=
r 2] @Q @ Q4=
2

DED Manual  G-Code Show Hide Cluster Selection Cluster Selectron | Open
Process Clustering Clustering  Path  Path Backward Forward Wizard

@ Q [@|w & : | OpenWizard i B [ | [F Clipboard -
c==a%" Launch the DED Process Wizard. Helps
gv with the setup of an AM directed
energy deposition simulation.

52 Coordinate Systems
., Connections
/@D Mesh
Transient Thermal (A5)
" T=0 Initial Temperature
J] Analysis Settings
[} Solution (A6)
{3 Solution Information
-] Static Structural (B5)
: "/Hﬂ Analysis Settings
o) Solution (B6)
-] Solution Information

Details of "Model (44, B4)" *lpOox
=l Lighting

Ambient o1

Diffuse 0.6

Specular 1

Colar
[=I| Advanced

Window Title | Default

Filter Cantrol | Enabled

0.025 Q.75

es pane

Launch the DED Pro . directed energy imulation.

Upon opening the wizard, the units are automatically changed to millimeters, as this unit system
is required for simulations with the DED Process Add-on.
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Wizard Step 1 - Identify Geometries

Outline e [LOX

C-+ Q@ @e@Q S 2 [ =

DED Proces /ANSYS | act

Name -
T Project*
E (& Model (A4, B4)
. Geometry Imparts
|8 Geometry
v;m Materials
|- 524 Coordinate Systems
"'V Connections
/@D Mesh
Transient Thermal (AS)
o Initial Temperature
TR Analysis Settings
Solution (A6)
{5} Solution Information
B2 Static Structural (B5)
b o[ Analysis Settings
B2} Solution (B6)
gz Solution Information

Part Geometry | Geometry Selection hd

Geometry Selection -
Part Selection Named Selaction Apply

Base Geometry | Geometry Selection hd

Base Selection Apply

Input required.

fr= =

~
Help
Select or create geometric bodies that represent
Details of "Model (A4, B4)" = the part and base plate for the build being
[=I| Lighting simulated. Upan completion of this step, Named
Ambient 0.1 Selections for the associated geometries will be
Diffuse 0.6 created.
Specular 1
Color .
51| Advanced Part Geometry: The part or parts being
Window Title [ Defautt manufactured.
Filter Contral | Enabled Geometry Selection: Select the body or
bodies of the part.
Information
Mote: The unit system has been Named Selection: Select a Named
changed to Metric (mm, t, N, s, mV, Selection containing the part body or
mA) bodies. v

Ne Selection & Metric (mm, t, N, 5, mV, mA} Degrees rad/s Celsius

4.5.Wizard Step 1 - Identify Geometries

Identify which body is the part and which body is the base.

1. Select the racetrack body and click Apply in the Part Selection field. (Note the Body picker IEI
is active by default.)

2. Select the base body and click Apply in the Base Selection field.

3. Click Next to move to the next step.
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ieQ [@ew® %% o-raa@@ ¥ Wieds

DED Process \l'lSYS ACT

Part Geometry | Geometry Selection v
Part Selection | 1 Body B Aoply |
Base Geometry | Geometry Selection v

Base Selection | 1 Body

Help

Select or create geometric bodies that represent the part and
base plate for the build being simulated. Upon completion of
this step, Named Selections for the associated geometries will
be created.

Part Geometry: The part or parts being manufactured.

Geometry Selection: Select the body or bodies of the
part.

Selection Information

% Coordinate System: Global Coordinate Systen = & X i .
- Named Selection: Select a Mamed Selection containing
the part body or bodies.

>

Mo Selection

When this step is completed, Named Selections for the part body (print_part) and base body (base_plate)
have been added to the Project tree. These will be used later for the creation of other Named Selections.
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Wizard Step 2 - Generate Mesh

Mame -

T project*
- {5 Model (B4, C4)
----- /A8 Geometry Imports
0B Geometry
----- A Materials
----- w54 Coordinate Systems
¥ /%) Connections
gz Mesh
Bl % Named Selections
B print_part
)
=l--[i4 Transient Thermal (B5)
b 7= Initial Temperature
b o] Analysis Settings
=& Solution (B6)
----- {5} Selution Information
Elupy Static Structural (C5)
------- 111 Analysis Settings

4.6.Wizard Step 2 - Gener

ate Mesh

Because this is a simple geometry, we will mesh the part with Cartesian elements. We will use an element
size of 3 mm for the part to match the deposition thickness. Reviewing the G-Code file below shows

the first layer has a Z-coordinate of 3.0, the second layer's Z-coordinate is 6.0, and so on. This will result

in 4 layers through the height of the model. We will mesh the base with standard brick elements with

a slightly larger element size of 4 mm.

G00 X-100.0 Y-83.5 Z0.0

; First layer

Q00 X-54.0 Y-83.5 Z3.0

G01 X-49.9 Y-104.2 ; Circle 1

@01 X-38.2 Y-121.7

@01 X-20.7 Y-133.4

@01 X0.0 Y-137.5

@01 X20.7 Y-133.4

G01 X38.2 Y-121.7

G01 X49.9 Y-104.2

G01 X54.0 Y-83.5

G01 X54.0 Y¥80.2 ; Y-Line 1

G01 X49.9 Y100.9 ; Circle 2

G01 X38.2 Y118.4

G01 X20.7 Y130.1

G01 X0.0 Y134.2

@01 X-20.7 Y130.1

G01 X-38.2 Y118.4

G01 X-49.9 Y100.9

@01 X-54.0 Y80.2
0
0

7
2
9
0
0
9
2
7

@01 X-54.0 Y-83.5 ; Y-Line 2
Q00 X-54.0 Y-64.6

@01 X54.0 Y-64.6 ; X-Line 1
@00 X-54.0 Y63.4

@01 X54.0 Y63.4 ; X-Line 2

; Next |ayer

Release 2024 RT-©ANSYS, Inc.Allrights reserved.- Contains proprietary and confidential information

of ANSYS, Inc. and its subsidiaries and dffiliates.

77



DED Simulation - Racetrack

Q0
@1
@1
Q1
@1
Q1
@1
Q1
Q1
@1
Q1
@1
Q1
@1
@1
Q1
@1
Q1
Q1
Q00
Q1
Q00
Q1

7 Next

Q00
Q1
Q1
Q1
Q1
@1
Q1
Q1
Q1
Q1
@1
Q1
Q1
Q1
Q1
@1
Q1
Q1
Q1
Q0
Q1
Q0
Q1

7 Next

Q0
Q1
Q1
Q1
Q1
Q1
Q1
Q1
Q1
Q1
Q1
Q1
Q1
@1
Q1
Q1
Q1
Q1
Q1
Q0
Q1
Q00
Q1

X-54.
X-54.
X54.0 Y-64.6 ;

NN OOoOOoOwoNN

7
2
.9
.0
0
0

Y80. 2 ;

Y100. 9 ;

Y118. 4
Y130. 1

Y134. 2

Y130. 1
Y118. 4
Y100. 9
Y80. 2

Y-83.5 ;

Y-64. 6

X-54.0 Y63.4
X54.0 Y63.4 ;

| ayer

Y-Line 1

Circle 2

Y-Line 2

X-Line 1

X-Line 2

X-54.0 Y-83.5 79.0

X-49.9 Y-104.2
X-38.2 Y-121.7
X-20.7 Y-133.4

X0.0 Y-137.5

X20.
X38.
X49.
X54.
X54.
X49.
X38.
X20.
X0.0

NN OOoOOoOwoNN

X-20.
X- 38.
X-49.
X-54.
X-54.
X-54.

X54.0 Y-64.6 ;

Y-133. 4
Y-121.7
Y-104. 2
Y-83.5

Y80. 2 ;

Y100. 9 ;

Y118. 4
Y130. 1

Y134. 2

7
2
9
0
0
0

Y130. 1
Y118. 4
Y100. 9
Y80. 2

Y-83.5 ;

Y-64. 6

X-54.0 Y63.4
X54.0 Y63.4 ;

| ayer

; Circle 1

Y-Line 1

Circle 2

Y-Line 2

X-Line 1

X-Line 2

X-54.0 Y-83.5 712.0

X-49.9 Y-104.2
X-38.2 Y-121.7
X-20.7 Y-133.4

X0.0 Y-137.5

X20.
X38.
X49.
X54.
X54.
X49.
X38.
X20.
X0.0

NN OOoOOowoNN

X-20.
X- 38.
X-49.
X-54.
X-54.
X-54.

X54.0 Y-64.6 ;

Y-133. 4
Y-121.7
Y-104. 2
Y-83.5

Y80. 2 ;

Y100. 9 ;

Y118. 4
Y130. 1

Y134. 2

7
2
9
0
0
0

Y130. 1
Y118. 4
Y100. 9
Y80. 2

Y-83.5 ;

Y-64. 6

X-54.0 Y63.4
X54.0 Y63.4 ;

; Circle 1

Y-Line 1

Circle 2

Y-Line 2

X-Line 1

X-Line 2
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Wizard Step 2 - Generate Mesh

1. Choose Cartesian for Mesh Type.

2. Enter 3 for Build Element Size.

Keep 0 (default) for Projection Factor.
3. Enter 4 for Base Element Size.
4. Click Next to move to the next step.

S Q6 6@ @ Q Select

& Name e
M Project*
B (@ Model (A4, B4)
- 8] Geometry Imports
- T Geometry
H-- [ Materials
- 1id Coordinate Systems
- &) Connections
_//@ Mesh
= & Named Selections
B print_part
B base_plate
Transient Thermal (AS)
70 Initial Temperature
/Hil Analysis Settings
/f&) Solution (A6)
-5 Solution Information
-] Static Structural (BS)
‘,Eﬂ Analysis Settings
El-1& Solution (B6)
Lz} Solution Information

DED Proces /Ansys

Skip This Step Mo

Mesh Type Cartesian

][

Build Element Size | 3

Projection Factor 0

Base Element Size | 4

Generate Mesh Now

Help

Determine characteristics of the mesh for the

ACT

Details of "Selection’ cw 1O X build and base material. The bodies can be
2 scope meshed with different methods.
Scoping Method |GEOmEtW S Skip This Step: If Mo (default), a new mesh will
Geometry |1 Body be generated (either now or later, depending
| Definition on the status of the Generate Mesh option). If
< Yes, the wizard will do nothing here and
end to Solver Yes N -
continue on to the next step. Useful if you are
Protected Program Co.., satisfied with a current mesh.
T = N isti h will still be kept and
o, any existing mesh will still be kept an
Pm?ra_m Controlled Inflation | Bxclude new mesh object(s) will be added so that you
Bl Statistics can choose which mesh to use.
Type Manual y
Total Selection 1 Body Mesh Type:
Suppressed o Default: Uses default mesh settings. v
Used by Mesh Worksheet Mo
X ~
0.035 Exit Wizard P nex |
When this step is completed, mesh objects have been added to the Project tree: Body Fitted Cartesian
object for the part and Body Sizing for the base plate.
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- /) Geometry Imports

----- /T Geometry

----- 5 Materials

----- 3 Coordinate Systems

----- /%] Connections

E| ..... » % Mesh

: ....... »~% Body Fitted Cartesian
- 6@ Body Sizing

Details of "Body Fitted Cartesian” - Method * Q1 OX

T [Ty ) 388RAERRARAEREARAEREARAEREARAEREARAEREAREREAREEREAD <+ L1l | .1
i Name = | Search Qutline | » _

{_. Project™ s
B Model (A4, B4)

M Named Selections w

T [Ty 388RAERRARAEREARAERERRAEREARAEREARAEREARAEREARAEREAD <+ L1l | 1
i Name = | Search Qutline | » _
{_. Project™ s

Model (A4, B4)

; -‘,r Geometry Imports
----- /T8 Geometry

----- 5 Materials

----- i+ Coordinate Systems
----- ] Connections

E| ..... o % Mesh

------- »~* Body Fitted Cartesian

F— - F_Q Body Sizing

----- & Named Selections v

Details of "Body Sizing" - Sizing

Coordinate System

Global Coordinate System

Write ICEM CFD Files

Mo

Smooth Mesh Spacing

Mo

The resulting mesh is shown here.

[=]| Scope [=]| Scope
Scoping Method Mamed Selection Scoping Method | Mamed Selection
Mamed Selection print_part Mamed Selection | base_plate
[=| Definition [=| Definition
Suppressed Mo Suppressed Mo
Method Cartesian Type Element Size
Element Crder Use Global Setting [ ] Element Size |4.0 mm
Type Element Size =] Advanced
[ | Element size 3.0 mm Defeature Size | Default
Spacing Option Uniform Behavior Soft
[=| Advanced
Projection Factor 0
Project in constant Z-Plane | Mo
Stretch Factor in X 1.0
Stretch Factorin ¥ 1.0
Stretch Factarin 1.0

Release 2024 R1- © ANSYS, Inc.Allrights reserved. - Contains proprietary and confidential information
of ANSYS, Inc. and its subsidiaries and affiliates.

80




Wizard Step 3 - Set Up for Element Clustering and Create Contact Connections

See the following topics in the DED Simulation Guide for additional information:

+ Apply Mesh Controls and Generate Mesh

4.7.Wizard Step 3 - Set Up for Element Clustering and Create Contact
Connections

In this step, we will set up for element clustering. Note that the actual generation of element clusters
is not performed in the wizard; we will generate clusters after we finish the wizard.

Also in this step, the contact connection between the part and the base plate is made automatically.
Connections ensure that the part and base bodies in the simulation are aware of each other and are
able to share data (temperatures and displacements) across boundaries.

1. Choose G-Code Clustering for Input Source because we have a G-Code file defining the tool
path.

2. Click Edit and browse to the DED_Racetrack_G-Code.txt file. Click Open.

3. Enter 1000 for Cluster Volume. This value determines how many elements are activated per
load step. The time for this load step is then determined by volume/deposition rate. A smaller
cluster volume tends to provide a more accurate result. Based on the overall dimension of the
build geometry, this value should be determined by balancing the computational cost and
desired accuracy.

Keep Z (default) for Print Direction.
Keep Yes (default) for Build to Base Contact Generation.

Keep Auto (default) for Contact Generation Method. This assumes a planar baseplate, which
we have for this model.
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4. Click Next to move to the next step.

Outline * Q1 Ox £ i Wizard
Mame ~ | Sea 0 v o
DED Proces 'ANSYS / act
Geometry Imports
"’g f,l:::rieiy Input Source 1 | GCodeClus ¥
2k Coordinate Systems Choose G-Code File | Exgimulations\( 2 - [ FEETH
J Connections - .
& Mach Cluster Volume 3 | 1000 mm
o Body Fitted Cartesian Print Direction z -
3 Body Sizing
% Named Selections Build to Base Conta. Yag hd
'/. print_part Contact Generation ... | Auto (planart =
B base_plate
B _// Transient Thermal (A5)
b T=0 Initial Temperature
,/EEH Analysis Settings
&) Solution (A6)
{5} Solution Information
B Static Structural (B5)
,/Hﬂ Analysis Settings
1%} Solution (B6)
_//IE Solution Information A
Help
Select the input source for the welding path
Details of "Mesh" e B OX definition.
[=l| Display .
Display Style ‘Use Geometry Setting Input Source:
[=I| Defaults Manual Clustering: Use predefined
Physics Preference | Mechanical Named Selections as weld path order.
Element Order | Linear Make sure the naming convention is
Element Size | Default correct. The elements‘ of the f'|r5t weld
Sizing track must be named weld_1'. The
- start face of the first weld track must
Quality be named ‘start_face_1’. For the
Inflation second weld track the naming
Batch Connections convention continues with ‘weld_2" for
Advanced the elements and ‘start_face_2' for the
Statistics start face, and so on. For easier v
Exit Wizard

8241 Message | & Metric (mm, t, N, 5, mV, mA)}

In this step, the AM Process for DED object and its child objects are added to the project tree. AM Process
for DED establishes the options and assumptions appropriate for a DED simulation.
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Wizard Step 3 - Set Up for Element Clustering and Create Contact Connections

T project*

= Model (A4, B4)

; ‘( Geometry Imports
8 Geometry

----- L5 Materials

» +a Coordinate Systems
‘( Connections

%0 Mesh

f- 18 Named Selections
=g 1# AM Process for DED
. g 12 Build Settings
% G-Code Clustering

- #) @ Cluster Settings
----- =i Transient Thermal (A5}
..... ~{7 static Structural (B5)

Details of "AM Process for DED"
[=1| Part Geometry
Scoping Method | Named Selection

Mamed Selection | print_part
[=1| Base Plate Geometry
Scoping Method | Mamed Selection

Mamed Selection | base_plate

[=]| Remowval Step

Remaoval Step |N::|

[=1| Material

Source |Engineering Data
[=]| Development

Debug mode |Nc|
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Details of "G-Code Clustering”

=/ Import G-Code file
G-Code File |DED_Racetrach:_G-Cnde.brt
[=l| Cluster Volume
[ ] Cluster Volume |1i}l}ﬂ mm*
[=| Visualization
Mumber of Layers o
Show Every n-th Layer 1
Lirie Segments For Arc 5
Show Paositioning Lines On
=l G-Code Options
Print Direction Z
Move Commands GO, GO0
Laser On Commands 51, GO1
Laser Off Commands G0, GO0
Extrusion Tag Off
Combine Layers Off
Ignore Layers O
[=1| Definition
Read Feed Rate Mo
Read Preheat Temperature | Mo
Read Dwell Time Mo
[=| G-Code Transformation
Translate X 0rmm
Translate ¥ O mm
Translate Z 2 mm
Rotate X o-
Rotate ¥ 1
Rotate Z s
[=]| G-Code Statistics
Layers to be set
Lines to be set

Also, two new Named Selections have been added defining the element faces required for contact
generation. Finally, a DED_Contact object has been added to establish the contact connection between
the part and the base plate. It uses the element faces Named Selections.
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Wizard Step 3 - Set Up for Element Clustering and Create Contact Connections

i. Project™
= . Model (A4, B4)

----- <2 . Geometry Imports
! w8 Geometry
/5 Materials
[+
=i

o sa Coordinate Systems
2 . Connections

R S x\i Contact Region
E| ----- ” E Connection Group
........ v " DED_Contact
[3(,% Mesh
[ Q Mamed Selections
- 8 print_part
- [0 base_plate
B Base plate upper element faces
- v B Print part lower element faces
Eﬂ-----?_k AM Process for DED
Eﬂ-----_f Transient Thermal (AS)
{1 Static Structural (B5)

Details of "DED_Contact"

[=]| Scope
Scoping Method Mamed Selection
Contact Print part lower element faces
Target Base plate upper element faces

Contact Bodies
Target Bodies

Protected Ma
[=1| Drefinition
Type Bonded
Scope Mode Manual
Behaviar Asymmetric
Trim Contact Program Controlled
Suppressed Mo
Ohbject ID (Beta] 71
[=| Advanced
Farmulation Program Controlled
small sliding Program Controlled

Detection Method Modal-Mormal From Contact
Penetration Tolerance | Program Controlled

Elastic Slip Tolerance | Program Controlled

Marmal Stiffness Program Controlled

Update 5tiffness Program Controlled

Thermal Conductance | Program Controlled

Pinball Region Program Controlled

See the following topics in the DED Simulation Guide for additional information:
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+ Perform Element Clustering

+ Define Connections

4.8.Wizard Step 4 - Assign Materials

Assign the AM material Inconel 718 to both bodies.

1. Choose Engineering Data for Material Assignment.
2. Choose Inconel 718 for the Build Material.

3. Choose Inconel 718 for the Base Material.

4. Click Next to move to the next step.

AaEe® % o v aa T Cmais 10X W
Name = | Search Qutline f
M Project* y
et nen DED Process /ANSYS / acr
‘, Geometry Imparts
i :g :;:ai:;? Material Assignn 1 Engineering Data bl
#-, 3 Coordinate Systems Build Material (2 Inconel 718 -
Bl & Connections )
B-x[8] Contacts Base Material (3 Inconel 718 v
x"\ Contact Region
=] ( Connection Group
8 "N DED_Contact
[,/ 99 Mesh
Bl 88 Named Selections
= ?_k AM Process for DED
?_E Build Settings
4% G-Code Clustering
HI
[ _// {I'ranslent Thermal (A5) Target Bod v § O X
(-] Static Structural (BS) ~
Help
Details of "DED_Contact” = » I [J X Identify material for the relevant geometries.
= scope ~ Available materials are those that have been
- included in Engineering Data or in external customer
Scoping Method Named Selec.., specific material files.
Contact Print part lo...
Target Base plate u... Material Assignment:
Contact Bodies Engineering Data: Select a material from
Target Bodies Engineering Data Source. Note that the
Protected No melting temperature must be available in
[=I Definition this material as well as temperature
Type Bonded dependent parameters. Therefore it is
Scope Mode Manual recommended to use materials from the v
Behavior Asymmetric 'S =
Trim Cantact Pragram Ca.. (T (ST Ba‘(_‘/m
npreccad L
Ready w1 Message 1 Body Selected: Volume = 5.12e+005 mm® & Metric (mm, t, N, s, mV, mA) Degrees rad/s Celsius

In this step, Inconel 718 material is assigned to both the part and the base plate. The Reference Tem-
perature is set to By Environment for now but the Reference Temperature for the part will be updated
in the Build Settings step next.
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Wizard Step 5 - Define Build Settings and Thermal Boundary Conditions

Outline « 1 OX

o Mame * | Search Outline
T project*
[ Model (A4, B4)
----- » IE} Geometry Imports
El ----- 8 Geometry
: vl BOFD_Racetrack\BasePlate
~u @ DED_Racetrack\PrintPart
----- ” (T Materials
----- 5 Coordinate Systems
----- ] Connections
..... ../ T3 Mesh
----- M Named Selections
----- ?_'[ﬁ AM Process for DED
----- ~{i] Transient Thermal (A5)
----- ~[1 Static Structural (B5)

o

-

Details of "DED_Racetrack'BasePlate"

Outline « 1 OX

i Mame * | Search Outline
T project*
[ Model (A4, B4)

----- @ Geometry Imports

El ----- 8 Geometry

: ~w @ DED_Racetrack\BaseFlate
gvd-- ROFD_Racetrack\PrintPart
----- ) {5 Materials
----- s Coordinate Systems
----- =] Connections
..... v, T3 Mesh
----- &8 Named Selections
----- ?_Tﬁ AM Process for DED
----- [i] Transient Thermal (A5}
----- ~[1 static Structural (B5)

LY

-

Details of "DED_Racetrack’\PrintPart”

Graphics Properties Graphics Properties
[=I| Definition [=I| Definition
Suppressed Mo Suppressed Mo

IC [Beta) 28 IC [Beta) 31
Stiffness Behavior Flexible Stiffness Behavior Flexible
Coordinate System Default Coordinate System Coordinate System Default Coordinate System
Reference Temperature | By Environment Reference Temperature | By Environment
Treatment Mone Treatment Mone

[=1| Material [=1| Material
[ ] Assignment Inconel 718 [ ] Assignment Inconel 718
Maonlinear Effects Yes Manlinear Effects Yes
Thermal 5train Effects | Yes Thermal 5train Effects | Yes

Bounding Box Bounding Box

Properties Properties

Statistics Statistics

[=I| CAD Attributes [=I| CAD Attributes
PartTolerance: 0.00000001 FartTolerance: 0.00000001
Color143.175.143 Color143.143.175

See the following topics in the DED Simulation Guide for additional information:

+ Assign Materials

4.9.Wizard Step 5 - Define Build Settings and Thermal Boundary Condi-

tions

Specify settings and conditions related to the DED machine and the process. We will use many of the
defaults, such as values for gas convection coefficients, advanced options, and so on. Use the links to
the DED Simulation Guide provided at the end of this section for more information about these options.

Machine Settings:
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1. Enter 72 for Material Deposition Rate. The value should match the actual machine setting for

the printing process.

Build Conditions:

2. Enter 80 for Preheat Temperature. This is determined by the actual preheating condition of the

printing process.

3. We apply the preheat to the bottom surface of the base plate. Rotate the model in the graphics

window, select the underside surface of the base, and click Apply in the Preheat Geometry
field. We will keep the preheat off during printing.

elements at each load step, normally set as the melting temperature.

Cooldown Conditions:

5. Enter 3600 for Time. This allows an hour for cooldown.

Enter 1370 for Process Temperature. This is the temperature value assigned to newly activated

Keep Yes (default) for Add Temperature Result. This is simply a convenience option related to
the simulation and not related to anything in the printing process. A value of Yes adds a result
item object into the project tree before solution so that the calculated temperatures will be
populated upon solution completion and viewable with one click.

6. Click Next to move to the next step.

ea®e® B cr-ra@a@@QR

~ Build Conditions

|Z DED Process

~ Machine Settings
Material Deposition F\‘_{/ 72

Preheat Temperature w2en

¥ Geometry For Preheat Temperature

Scoping Method | Geometry Selection

Geometry 1 Face
Preheat During Printing Off
Process Temperature \:/; 1370
Room Temperature 23
Gas Convection Coeff Build 1E-05
Gas Convection Coeff Base Plate  1E-05
Radiation Off
Thermal Calibration Off
* Cooldown Conditions
Room Temperature 23
Gas Convection Coeff Build 1E-05
Gas Convection Coeff Base Plate  1E-05
Radiation Off
Time 8 3600

Add Temperature Result | Yes

\Nsys / acr
~
mm*"3 sf-1
C
v
C
C
Wimm==C
Wimm==C
v
v
C
Wimm==C
Wimm==C

In this step, the Build Settings object is populated with chosen settings. The green checkmark next to
the Build Settings object indicates it is now complete. Also, a Temperature result item is added under
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Wizard Step 5 - Define Build Settings and Thermal Boundary Conditions

the Transient Thermal Solution object. Finally, the part body is assigned a Reference Temperature By
Body and the Reference Temperature Value is set to the Process Temperature. This is an important update

to the properties for the part.

N IJ_ D x

:. Project™
B Model (A4, B4)

..... /|2 Geometry Imports
- /08 Geometry

..... », m Materials

----- 3 Coordinate Systems
----- /& Connections

- &P Mesh

M Named Selections
- 1+ AM Process for DED
....... 17 Buid Settings

=--[ Transient Thermal (A5)
------- ~T=0 Initial Temperature
------- 1 Analysis Settings
-4 Solution (A6)
----- =f5) Solution Information

[#-f. Static Structural (B5)

Details of "Build Settings"

DIl ceirmeiesi it D D D e I} O x
= MName | Search C e | W

:. Project™® s
= Model (A4, B4)

----- /18] Geometry Imports

= /T8 Geometry

. i@ DED_Racetrack\BasePlate
| x @ DED_Racetrack\PrintPart
----- L5 Materials

----- 3 Coordinate Systems

; %] Connections

- &0 Mesh

7 % Named Selections

: - |# AM Process for DED

------- /. Build Settings

=1 Transient Thermal (A5)

------- =0 Initial Temperature

------- 0] Analysis Settings

-5 Selution (A6)

----- #{5) Solution Information
. < Temnerahire

Details of "DED_Racetrack\PrintPart"

[=1| Machine Settings Graphics Properties
[ | Material Deposition Rate |'.-’2 [mm*3 sect-1] [=I| Definition
[=1| Build Conditions Suppressed Mo
| | Preheat Temperature 80°C I [Beta) 3
Scoping Method Geometry Selection Stiffness Behavior Flexible
Geometry 1 Face Coordinate System Default Coordinate System
Preheat During Printing Off Reference Temperature By Body
[ | Process Temperature 1370 °C Reference Temperature Value | 1370, °C
Room Temperature 23°C Treatment Mone
Gas Convection Coeff Build 1E-05 W/mm#=C =1 Material
Gas Convection Coeff Base Plate | 1E-05 W/mm?®=C Assignment Incanel 718
Radiation Off Monlinear Effects es
Thermal Calibration Off Thermal 5train Effects es
[=| Cooldown Conditions Bounding Box
Room Temperature 23°C Properties
Gas Convection Coeff Build 1E-05 W/mm*=C Statistics
as Convection Coeff Base Plate | 1E-05 W/mm®=C =1 CAD Attributes
Radiatian Off PartTolerance: 0.00000001
[ ] Time 3600 s Color143.143.175

See the following topics in the DED Simulation Guide for additional information:

+ Define Build Settings
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* Apply Thermal Boundary Conditions

4.10.Wizard Step 6 - Define Structural Boundary Conditions and Base
Removal

Here we will apply a fixed support to the underside of the base plate. We will not simulate removal of
the base plate for this example.

1. Select the underside surface of the base, and click Apply in the Geometry Selection field.
2. Choose No for Base Removal.

Keep Yes (default) for Add Deformation Result. This is simply a convenience option related to
the simulation and not related to anything in the printing process. A value of Yes adds a result
item object into the project tree before solution so that the calculated displacements will be
populated upon solution completion and viewable with one click.

3. Click Finish to complete the wizard.

4. Click X in the upper, right corner to close the wizard panel.

Qa@v@® %% O+ QA Q@ select§ | Wizard

DED Process \nsys ACT

Fized Support Geometry = Geometry Selection v
Geometry Selection 1 Face \,‘_1_/
Base Removal 2 Mo v
Add Deformation Result | Yes v
™~
Help

Define structural boundary conditions for build and base
remaval.

Choose Fixed Support: Define the area/points to fix the
entire build assembly (part and base) in the machine.
Usually this can be one or multiple sides of the base.

Surfaces, edges and points can be selected.
Z Base Removal: Defines if the build should be removed
45.00 from the base.

Selection Information : w & [0 X || Graph e w B O X Yes: Build will be removed from the base after
cooldown.
= Coordinate Systern: Global Coor
- : [ ] Mo: Build and base will be kept as one unit. v
Mo Selection

e N O Finisn |
< > Tabular Data | Graph
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Wizard Step 6 - Define Structural Boundary Conditions and Base Removal

Upon completion of the wizard, a Fixed Support object has been added to the project tree, along with
a Total Deformation result item under the Static Structural Solution object.

When completing any wizard, you should review the status icons next to each object in the project

tree. Objects with green checkmarks are complete. Objects with yellow lightning bolts indicate an action
is required, such as mesh, generate, or solve. For this tutorial, the yellow lightning bolt next to G-Code
Clustering indicates we now need to generate element clusters.

e O X
i MName - =
[ Project*
= (& Model (A4, B4)
----- /A8 Geometry Imports
----- 8 Geometry
----- v Materials
----- v 52 Coordinate Systems
----- =] Connections
..... v TP Mesh
----- Q Mamed Selections
|_:_|_f L+ AM Process for DED
....... /. Build Settings
------- 2 ﬁ G-Code Clustering
------- i Cluster Settings
[—]_f Transient Thermal (AS)
------- =0 Initial Temperature
------- 1 Analysis Settings
=& Solution (A6)
----- 1 IE! Solution Information

-2/ 6@ Temperature
Bl Static Structural (B5)
------- » [ Analysis Settings
....... v B Fixed Support
=--2[&) Solution (B6)
i) Solution Information

- :«’ &3 Total Deformation
-] Scope
Scoping Method | Geometry Selection
Geometry 1 Face
-|| Definition
ID [Beta) 77
Type Fixed Support
Suppressed Mo

See the following topics in the DED Simulation Guide for additional information:

+ Apply Structural Boundary Conditions
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DED Simulation - Racetrack

4.11.Perform Element Clustering

In the wizard, we identified the G-Code machine file. We should view and verify the tool path defined
in the G-Code file before generating the element clusters.

1. Click the DED Process toolbar.

2. Click Show Path. Blue lines represent the tool path with no material deposition and green lines
represent the tool path with material deposition. Visualization helps to determine the following:

+ Is it the correct G-Code file?

+ Is the location / rotation / orientation of the path correct with respect to the model?
+ Are the unit systems of the G-Code file and model matching?

+ Do | need to apply a Layer Offset to place the path on top of the layers?

+ Did | set the correct Laser On / Off commands?

3. Click the Hide Path button to turn off the tool path display.
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Perform Element Clustering

Once we have confirmed the path looks correct, we simply need to generate the element clusters.

Important:

The cluster generation step requires an Ansys Additive Suite software license with Ansys
Mechanical Enterprise or one of the multiphysics bundles. If you get a warning message at
this step, check your software license.

4. Under the AM Process for DED obiject, right-click G-Code Clustering and select Generate.

Context

Model
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T project*
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Print Direction Z
Move Commands @0, GO0
Laser On Commands G1, GO
[l 0 00 b

Systems A,B - Mechanical [Ansys Mechanical Enterprise] - [} x
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=
v
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COpen

Forward Wizard

4 RAQAQ st kM- FTRAREBEDR TP B | =

0.00 100,00 {mm)
L |
50,00

Mo Selection 4 Metric (mm, t, N, s, mV, mA) Degrees

%31 Message

The clustering process may take a few to several minutes, depending on the size of your model. When
completed, you will see Named Selections for all the clusters organized into folders, one folder per

layer. Given the part geometry, the Build Element Size of 3 mm, and the Cluster Volume of 1000 mm~,

3

there are 76 total clusters for this model. The following image shows one example cluster consisting of

37 elements on layer 4.
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. E] = Context Systems &, B - Mechanical [Ansys Mechanical Enterprise] - (] X
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L ® Q0 Q@ Q =
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You can view the progression of element clusters along the path.

5. Under Named Selections, expand the Layer 1 folder and click the first cluster, el_loop_01 to
see the first element cluster.

6. Click the Cluster Selection Forward button in the toolbar to show the next cluster. Continue
clicking the Cluster Selection Forward button to see consecutive clusters displayed along the
tool path.
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Solve the Transient Thermal Analysis

. E] hd Context Systems A,B - Mechanical [Ansys Mechanical Enterprise] - ] x
Home Mamed Selection Display Selection Automation Add-ons DED Process Quick Launch ~ 2O

r 2| QQ Qg Q =
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Once the element clusters are generated, a green checkmark appears next to the AM Process for DED
object. Our simulation is ready to be solved.

See the following topics in the DED Simulation Guide for additional information:

« Perform Element Clustering

4.12.Solve the Transient Thermal Analysis

We will solve the Transient Thermal system first and view results before proceeding to the Static
Structural solution. First we should set the number of cores we want to use.

1. Click the Home tab in the ribbon.

2. In the Solve group, set the number of Cores to solve with for this simulation, considering your ma-
chine capabilities and licensing for HPC. This example uses 8 cores.

3. Right-click the Transient Thermal object and select Solve.
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It is safe to ignore the warning message: "The model has no temperature, convection, or radiation
conditions specified...", as the DED Process Add-on applies the appropriate boundary conditions
automatically with information from the wizard.

4.13.Review Thermal Results

1. When the thermal solution is finished, click the Temperature result object under Transient Thermal
> Solution to see a plot of overall temperatures at the end of cooldown.

Release 2024 R1- © ANSYS, Inc.Allrights reserved. - Contains proprietary and confidential information
96 of ANSYS, Inc. and its subsidiaries and affiliates.



Review Thermal Results
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Right-click anywhere within the temperature-time graph located at the bottom, left corner of the
screen, or at any time in the tabular data at the bottom right, and choose Retrieve This Result to
see temperatures at that time point.
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Solve the Static Structural Analysis

3. Use the animation controls at the top of the Graph window. Click the Result Sets button and

also the Update Contour Range at Each Animation Frame button . Adjust the number of
seconds for the animation and click Play. See Animation in the Mechanical User's Guide for more
information about animation controls.

Animation |4 p B P] [O[M| 628 Frames 15 Sec ~| B8 G i R S B OE [ 3Cyces |AA
515.2

1370,
1000,
Y 70
500,
78,267

0. 1000, 2000. 3000, 4000. 4653.7

[s]
| |

The following is an animated gif. Refresh the page to refresh the animation. The animation is not viewable
in PDF format.

4.14.Solve the Static Structural Analysis

1. Right-click the Static Structural object and select Solve.
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4.15.Review Structural Results

1. When the structural solution is finished, click the Total Deformation result object under Static
Structural > Solution to see a plot of overall displacements at the end of cooldown.

2. Change the display scale to 1.0 (True Scale) in the ribbon (Result tab) for a better view of
deformation. (By default, the scale is set for an exaggerated display.)
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Review Structural Results
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3. To view different time steps, right-click different steps in tabular data or on the results graph
and select Retrieve This Result.

Just as we viewed an animation of thermal results, we can view an animation of the structural
results. The following is an animated gif. Refresh the page to refresh the animation. The animation
is not viewable in PDF format.

Congratulations! You have completed the tutorial.
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Chapter 5: Sintering Simulation - Printed Bridge

This tutorial demonstrates how to perform a sintering process simulation using the Sintering Process
Add-on in Mechanical.

The following features and capabilities are used:

+ Sintering Process Wizard (included with the add-on)

+ Ansys-predefined sintering material 316L (PIM)

+ Sintering result items: Relative Density and Sinter Stress

Tutorial steps:
5.1.Problem Description
5.2.Create Analysis System
5.3. Attach Geometry and Set Units
5.4.Load Sintering Process Add-on
5.5.Wizard Step 1 - Identify Geometries
5.6.Wizard Step 2 - Define Contact
5.7.Wizard Step 3 - Define Constraints
5.8.Wizard Step 4 - Generate Mesh
5.9.Wizard Step 5 - Define Gravity
5.10.Wizard Step 6 - Define Sinter Material
5.11.Wizard Step 7 - Define Sinter Schedule
5.12.Wizard Step 8 - Define Results and Solver Settings
5.13.Generate Sinter Schedule and Solve

5.14.Review Results
5.1.Problem Description
We will simulate the sintering process of this span bridge model, shown here on a planar baseplate.

The model is composed of 316L stainless steel in a green state after it has been printed. Our simulation
goals are to examine the densification during sintering and the final shape after shrinkage.
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Problem Description

(a) Front view of the span bridge part

=1

OmmT
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2mm -

(b) Side view of span bridge part

5mm 25mm 5mm
1
| 3mm 1
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| 2 I
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The sintering process is performed in a single heating cycle in a batch furnace. For simplicity, the process
has one short isothermal hold, as shown here:
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Tutorial Files
Click here to download the following:

bri dge_wi t h_base. scdoc — Geometry file of the span bridge part and a base plate, saved as an
Ansys SpaceClaim document.

5.2.Create Analysis System

1. Open Ansys Workbench.

2. In Workbench, from the Analysis Systems listed on the left, drag a Static Structural analysis into
the Project Schematic.
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https://ansyshelp.ansys.com/Views/Secured/Doc_Assets/Static/bridge_with_base.scdoc
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5.3. Attach Geometry and Set Units

In this step, we attach the geometry file in Workbench and then open the Mechanical application. Once
in Mechanical, the first thing we will do is set units.

1. Right-click the Geometry cell in the Static Structural system and select Import Geometry >
Browse.

2. Navigate to the bridge with baseplate geometry file, select it, and click Open to add it to the
analysis. A green check mark appears next to the Geometry cell in the Project Schematic when
the geometry is added.
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| Component Systems | v
| T View All f Customize... |
@ Double-dick component to edit. ¥ 3ob Monitor... | EENo DPS Connection || Show Progress | %1 Show 0 Messages

3. Double-click the Model cell to launch the Mechanical application. A message "Starting Mechan-
ical" will show up in the status bar in the bottom, left corner. It may take a couple minutes for
the application to open and attach the geometry.

Release 2024 R1- © ANSYS, Inc.Allrights reserved.- Contains proprietary and confidential information
108 of ANSYS, Inc. and its subsidiaries and affiliates.



Attach Geometry and Set Units

’ Unsaved Project - Werkbench
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|
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-
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Extensions  Jobs  Help

Update Project ACT Start Page
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- A
1
2 @ Engineering Data  +"
3 E Geometry v 4
‘-‘\'i/. 4 |. Model ﬁ__,' ‘l
5 @ setup F o4
6 ".E Solution 7 4
7 @ Results F o

Static Structural

¥ 30b Monitor... || EE)No DPS Connection
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4. Once the Mechanical application is open and you see a "Ready" message in the status bar, click
the Home tab. Select Units from the ribbon and then select Metric (mm, t, N, s, mV, mA).
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Mechanical [Ansys Mechanical Enterprise] = B b4
(] Quick Launch ~ @. 0"
Commands @Images" |=: E q{}-Tags @Manage\ﬁms d"PrintPreview oo
Comment E.Section Plane —_ OWizard @Selection Information -,1,-.?‘Report Preview

Worksheet K L t
Chart E5 annotation S Mﬁ?{iﬁ @Show Errors i Unit Converter ElKey Assignments 2

-

Unit Systems
Metric (m, kg, M, s, V, &)

- Q@ @ @ Select & |

= [ClcClipboard= [Empty] &3 Extend -
Metric (cm, g, dyne, s, V, A)
Metric (mm, kg, M, 5, m¥, mA]
Metric (mm, t, M, 5, mV, mAj

Metric (mm, dat, M, 5. mV, mAj Metric (mm, t, N, s, mV, mA)

Metric (um, kg, pN, 5, V, mA) Set the units to this base system.

U.5. Customary (ft, Ibm, Ibf, °F, 5, V,
.S, Customary (in, lbm, Ibf, °F, 5, V, 4}

5.4.Load Sintering Process Add-on

This step includes the loading of the Sintering Process Add-on and opening of the Sintering Process
Wizard.

1. Click the Add-ons tab in the ribbon.

2. In the Additive Manufacturing group, click Sintering Process to load the add-on.
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Load Sintering Process Add-on

. Bo= Context A Static Structural - Mechanical [Ansys Mechanical Enterprise] = o X
Home Model Display Selection Aulomalil. Add-ons Quick Launch Lal @ 0'
B ® 4w @ adilH L 2
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Fatigue NVH Turbomachinery| Explicit Mechanical Toolkit Hydrodynamic Loads Additive Manufacturing Rigid Dynamics Suppaort
TAX  eQ@ewd % O-rRAARQA Skt KMo RERREBBE ¢ ® B FCipboard-

Outline

~ | Search Outline f

[ Project*

= Model (A4)

3] Geometry Imports

T8 Geometry

,/@ Materials
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@ Mesh

E-9[l] Static Structural (AS)

: (ﬂ Analysiz Settings

B2 Solution (A6)
75 Solution Information

—
&

0.000

10.000

5.000 15.000

20,000 {rrn)

3. Click the Sintering Process tab in the ribbon.

4, Click Open Wizard from the ribbon.
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Context A Static Structural - Mechanical [Ansys Mechanical Enterprise]

Home Context Display Selection Automation Add-or 3 Sintering Process Quick Launch
o T Y BE: = )
USER USER USER US 4 -

Sinter Sinter Relative Uniaxial Sinter Grv Open
Material Schedule | Density Viscosity Stress Size  Wizard
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T Project*

(= Model (A4)
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N e
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5.5.Wizard Step 1 - Identify Geometries

Identify which body is the green part and which body is the base.

1. Use the Body picker IEI to select the bridge body and click Apply in the Geometry field under
Part.

2. Click Yes in the Baseplate field because this model has a baseplate.

Release 2024 R1- © ANSYS, Inc.Allrights reserved. - Contains proprietary and confidential information
112 of ANSYS, Inc. and its subsidiaries and affiliates.



Wizard Step 1 - Identify Geometries

QQ@'F‘? GO -+ @@ @ @ @ Select & Mode~ ET rv, VT ZIG 5t L S - x

ESintering Process \nsys / acr

~ Wizard Step: Identify Geometries

~ Part
Scoping Method | Geometry Selection hd

Geometry 1 Body m

Baseplate -

2

Yes
%

Help

Select the part and baseplate (if any). If the bodies have been selected via the
Geometry Selection scoping method, corresponding Named Selections for "Part”
and "Baseplate” will be created in the tree.

Baseplate:
Yes: Select if a baseplate is present.

No: Select if baseplate is absent.

Scoping Methed: Part and Baseplate.
v
0.000 10.000 {rm}
[ z/k x| BitWizd | Back || Nex

5.000

3. Select the base body and click Apply in the Geometry field under Baseplate.

4. Click Next to move to the next step.
QA [®wE % O QA Q@ Q Select ®Moder BT I Wiz

ESintering Process \nsys / acr

~ Wizard Step: Identify Geometries

* Part
Scoping Method  Geometry Selection hd
Geometry 1 Body

Baseplate  Yes v

~ Baseplate

Scoping Method  Geometry Selection v
Geometry 1 Body

Help

Select the part and baseplate (if any). If the bodies have been selected via the
Geometry Selection scoping method, corresponding Named Selections for "Part”
and "Baseplate” will be created in the tree.

Baseplate:
Yes: Select if a baseplate is present.

No: Select if baseplate is absent.

Scoping Method: Part and Baseplate
v
0.000 10.000 {rr) ZA )
[ — % Eam

5.000

When this step is completed, Named Selections for the part body (Part) and base body (Baseplate) have
been added to the Project tree. These will be used later for the creation of other Named Selections.

Release 2024 R1- © ANSYS, Inc.Allrights reserved. - Contains proprietary and confidential information
of ANSYS, Inc. and its subsidiaries and affiliates. 113



Sintering Simulation - Printed Bridge

Outline * Q1 OX

i Mame w | Search Qutline | » _
T project*
= Model (A4)

----- o Geometry Imports
/i Geometry

/5 Materials
51 Coordinate Systems

----- =l Connections

(=R amed Selections

: ....... v . Part

; - 1B Baseplate
=94 Static Structural (A5)
e 1 Analysis Settings

El--7f&) Solution (A6)

zf5) Solution Information

5.6.Wizard Step 2 - Define Contact

Contact between the part and baseplate is automatically detected by default in Mechanical because
the bodies touch one another (they are mutually tangent). The wizard lets you use this automatically
detected contact region, which is indicated by a specific contact region ID number, or you can specify
a new contact region or skip the step and define contact later. We will use the automatically detected

contact region.

1. Choose Contact Region ( Id = 29 ) for Selected Contact Region.

=

iQA@w® % O-+ QA @@ Q) St ®Moder FT ¥

¢
Sintering Process \nsys / acr

* Wizard Step: Define Contact

Select Contact Region | -
| None (skip this step)
1 | Contact Region (1d=29)
Add new Contact Region

Help

Specify the part-baseplate contact region baseplate and its corresponding
contact settings.

NOTE: This step is intended for a simple setup of a baseplate to part Contact
Region. For multiple Contact Regions, manually setup contact settings in the
tree.

Select Contact Region:

A None (skip this step): Skip this step in the wizard and manually setup contact
settings in the tree.
0.000 10,000 {rim)
[ — x| BitWiard | [Baek | e
5.000 v
< >
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Wizard Step 2 - Define Contact

2. We will use the recommended default settings for the contact interface between the part and
the baseplate. The baseplate is large and stiff enough that we can ignore flexibility and assume
a rigid baseplate. This assumption speeds up the simulation time. We expect the part to slide
on the base as the part shrinks during sintering so we will be sure Small Sliding option is off.

Keep 0.2 (default) for Friction Coefficient.
3. Keep Yes (default) for Rigid Baseplate.
4, Keep Off (default) for Small Sliding.
5. Keep Each Iteration (Aggressive) (default) for Update Stiffness.

6. Keep Yes (default) for Adjust To Touch.
eal@ee % c-+aa@ ¥

F e T [ o B - I X

~ Wizard Step: Define Contact

Select Contact Region | Contact Region (1d=29) v

* Frictional Contact Settings
2 . !
. Friction Coefficient 02

3 - RigidB lat
igid Baseplate Yes
4 Small Slidin off

k4 — .

0.00 M 5 Update Stifness Each lteration (Agaressive)
0005 6 AdjustTo Touch
8 AdiustTo Toudl Yes

4 4 4 4

Target Body View =+ 1 O X

Help

Specify the part-baseplate contact region baseplate and its corresponding
contact settings.

NOTE: This step is intended for a simple setup of a baseplate to part Contact
Region. For multiple Contact Regions, manually setup contact settings in the
tree.

Select Contact Region:

Y Nore (skip this step): Skip this step in the wizard and manually setup contact

settings in the tree. w
0.00 (mm) A
000 E

10.00

When this step is completed, a Contact Region object has been added to the Project tree.
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Details of "Contact Region”

[=| Scope
Scoping Method Geometry Selection
Contact 1 Face
Target 1 Face
Contact Bodies
Target Bodies
Frotected Mo

[=I| Definition
Type Frictional

Friction Coefficient 0.2

Scope Mode Automatic
Behavior Program Controlled
Trim Contact Program Controlled
Trim Tolerance 0.13009 mm
Suppressed Mo
Ohject ID [Beta) 29

[=| Display
Element Mormals Mo

[=| Advanced
Formulation Program Controlled
Small Sliding Off

Detection Method

Program Controlled

Elastic Slip Tolerance

Program Controlled

Marmal Stiffness

Program Controlled

Update Stiffness

Each lteration, Aggressive

Stabilization Damping Factor

o

Pinball Region Program Controlled
Time 5tep Caontrols Mone

[=| Geometric Modification
Interface Treatment Adjust to Touch
Contact Geometry Correction |Mane
Target Geometry Correction Mone

5.7.Wizard Step 3 - Define Constraints

In this step we'll apply a fixed support to the underside of the base plate.

1. Click Fixed Support in the Constraint Type field.
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Wizard Step 3 - Define Constraints

QaQ lE‘v @ % C-+ Q@A @@ Q St % Mode- WVRZRID 000 e s w X
¢
Sintering Process /ANSyS |/ acr

¥ Wizard Step: Define Constraints

Constraint Type -
None (skip this step)

. Fixed Support

Help

Specify physical constraints to prevent rigid body motion during the sintering
simulation

NOTE: There exists many ways to apply physical constraints to prevent rigid body
motion. The combinations provided here are simply suggestions to guide the user
toward an initial setup and are not intended to be comprehensive.

Constraint Type:
None (skip this step): Skip this step and specify constraints manually in the tree.
v Fixed Support. Select a fixed surface on the part. When applied unto a rigid body. a v
0.000 10.000 {rm)

5.000 - -

2. Rotate the model in the graphics window, use the Face picker to select the underside surface
of the base, and click Apply in the Geometry field.

3. Click Next to move to the next step.

‘@A @v@® % C-r QA Q@ Q Seect & Mode- T T Wizard L
¢
Sintering Process /ANSysS | acr

* Wizard Step: Define Constraints
Constraint Type | Fixed Support il
~ Fixed (Baseplate Bottom Surface)
Scoping Method | Geometry Selection v

Geometry 1Face

Help

Specify physical constraints to prevent rigid body motion during the sintering
simulation.

NOTE: There exists many ways to apply physical constraints to prevent rigid body
motion. The combinations provided here are simply suggestions to guide the user
toward an initial setup and are not intended to be comprehensive.

Constraint Type:
None (skip this step). Skip this step and specify constraints manually in the tree.
\g Fixed Support: Select a fixed surface on the part. When applied unto a rigid body. a v
iy

0.000 10.000 {rirm)

S e
5.000

When applied to a rigid body, a body-to-ground fixed joint will be created instead of the Fixed Support
boundary condition, as shown in the Project tree.
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Details of "Fixed - Ground To bridge_with_base\Baseplate 1 O X

[=1| Definition
Connection Type Body-Ground
Type Fixed
Solver Element Type | Program Controlled
Element APDL Mame
Suppressed Mo
[=I| Reference
Coordinate System | Reference Coordinate System
Behaviar Rigid
[=| Mobile
Scoping Method Geometry Selection
Applied By Remote Attachment
Scope 1 Face
Body _
Initial Position Urnchanged
Behavior Rigid
Pinball Region Al

5.8.Wizard Step 4 - Generate Mesh

We'll specify a mesh size of T mm so that there are at least three elements through the height of the
bridge span.

1. Keep Yes (default) for Mesh via Wizard.
2. Enter 1 for Element Size.

3. Keep Yes (default) for Contact Sizing (recommended).
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Wizard Step 4 - Generate Mesh

4. C(lick Next to move onto the next step.

QA [@wd % O-4 Q@@ Q@ Q S % Moder FT Y Wizard

Sintering Process

~ Wizard Step: Generate Mesh

Meshvia Wizard | Yes

Element Size 1 mm

Contact Sizing Yes

Help

Select the to-be-sintered geometric part for meshing, with ability to specify body-
sizing for the selected parts. Upon completion of this step, all geometries will be

meshed.

NOTE: For more advanced meshing controls, directly interact with the 'mesh’' object
within the project tree.

Element Size: Specify the element body-sizing for the selected part.
Contact Sizing: Only visible if contact with baseplate has been specified

L O e |

10,000 {rrirn)

5.000

When this step is completed, mesh objects have been added to the Project tree: a Body Sizing object
for the part and baseplate, and Contact Sizing for improved contact traction. The resulting mesh is

shown here.

0.000 10,000 (mim)

5.000
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5.9.Wizard Step 5 - Define Gravity

A gravitational acceleration is applied so that frictional forces between the bridge and the baseplate
prevent rigid body motion.

1. Keep -Z (default) for Gravity Direction.

2. Click Next to move to the next step.

QQ[@w @ % O-+ Q@ @@ Q Sclect K Moder FTT Wizard:

Sintering Process

¥ Wizard Step” Define Gravity

Gravity Direction  -Z v

Help

Select a gravitational direction along the one of the primary coordinate axis. Upon
completion of this step, a 'Standard Earth Gravity' load object will be created in the
model tree.

Z e
NS
10,000 {rim) )
" — Exit Wizard W
5.000 W

A Standard Earth Gravity object has been added to the Project tree.
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Qutline «* 1 OX

-

Mame
T Project*
= (@) Model (A4)

----- /1B Geometry Imports

----- /B Geometry

----- /5 Materials

----- /44 Coordinate Systems
----- /%] Connections

----- /ED Mesh

----- M Named Selections

Static Structural (AS)

- H1] Analysis Settings
s,
B {& Solution (A6)

) Solution Information
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-|| Scope
Geometry All Bodies
-|| Definition
Coordinate System
¥ Component 0. mm/s® [ramped)
¥ Component 0. mm/s* [ramped)
Z Component
Ma

-Z Direction

Suppressed
Direction

Global Coordinate System
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5.10.Wizard Step 6 - Define Sinter Material

Use an Ansys-defined sinter material or a user-defined one. We'll use stainless steel 316L (PIM) from our
library. See Sintering in the Material Reference for more information.

1.

2.

Choose 316L (PIM) for Material.

to the entire part.

building of the part.

Choose Type 1 for Pre-defined Models.

stress is non-zero and shrinkage can occur.

Click Next to move to the next step.

Keep 0.5 (default) for Initial Relative Density. This value—50% dense—will be uniformly applied

Keep 0.025 (default) for Mean Powder Diameter. This is the average powder diameter used for

Enter 1000 for Sinter Activation Temperature. This is the temperature above which sintering
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QaQ @'r‘g by ©-4+ Q@ 6@ @ @ Select " Mode~

Sintering Process

~ Wizard Step: Define Sinter Material

~ Material Selection
Material 316L (PIM)

(..

2 = Pre-defined Models | Type 1

¢

* Initial Material Data
3 Initial Relative Density 0.5

-
4 - Mean Powder Diameter 0.025 mm
-

5 = Sinter Activation Temperature 1000 w

Specify the material model to be implemented for sintering. The user can select
between pre-defined materials or a user-defined model.

10,000 (rmm)

Initial Material Data

initial Relative Density: Starting relative density of the part. The value will be uniformly
applied to the entire part.

5.000

ww IO X | Tabular Data
Steps |Time [s]

Mean Powder Diameter: The average powder particle diameter.

=0 =0
o & Sinter Activation Temperature: Temperature above which the sintering process and

2 c .

When this step is completed, a Sinter Material object has been added in the Project tree with the required
coefficients and exponents and other material model inputs populated based upon the model type
selected in the wizard.

11 0.

v
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Wizard Step 7 - Define Sinter Schedule
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—|| Uniaxial Viscosity
Model
Input by
Arrhenius Parameters
=| Grain Growth Kinetics
Model
Initial Grain Size
Input by
Arrhenius Parameters
=| Viscous Moduli
Madel
Shear Moduli density Coefficient
Shear Moduli density Exponent
Bulk Moduli density Coefficient
Bulk Moduli density Exponent
Wiscous Poissons coefficient
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5.11.Wizard Step 7 - Define Sinter Schedule

The sintering furnace schedule is defined in this step. As shown in the problem description (p. 103), the

temperature ramps up to 1380°C in two hours and holds at that temperature for one more hour.

1. Keep 22 (default) for Room Temperature.

2. Click Add, and enter 1380 and 7200 for Temperature [C] and Time/Duration, respectively.
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* Wizard Step: Define Sinter Schedule
Room Temperature 22 c

Input Furnace Cycle | Temp-Duration

2 IE| | Delete selected mws|

0 ‘Temperamre Ic] |T|mefDurEm'nn |
‘ |
2 1380(C] 2 7200 [sed] |
el — | [sed]
L)
Help

Specify the thermal schedule as used in the sintering furnace and applicable to the
simulation. The loads are ramped (default).

Room Temperature: The room temperature from which the furnace will be ramped.
Input Furnace Cycle: The input type for the temperature table.

v Temp-Duration: Specifies in terms of the temperature and duration needed to reach v
0.000 10,000 {rrm)

[ — _ Nes

3. Click Add to insert a second row, and enter 1380 and 3600 for Temperature [C] and
Time/Duration, respectively.

4. Click Next to move to the next step.

QA (@& % O -+ QA QA Q Select & Mode~

5 || Sintering Process \nsys | acr

* Wizard Step: Define Sinter Schedule
Room Temperature | 22 c

Input Furnace Cycle | Temp-Duration

iEHDe\eteselededmwﬂ

\:| |Temperature IC1 Time/Duration
O |1330 ] 7200 [sec]
@ 1'1330 ] 39 3600 [sed]
A
Help

Specify the thermal schedule as used in the sintering furnace and applicable to the
simulation. The loads are ramped (default).

Room Temperature: The room temperature from which the furnace will be ramped.
Input Furnace Cycle: The input type for the temperature table.

v Temp-Duration: Specifies in terms of the temperature and duration needed to reach v
0.000 10.000 {mm)

— = ea o SO
5.000

When this step is completed, a Sinter Schedule object has been added in the Project tree. The yellow
lightening bolt next to the object indicates that there is an action required, which is the generation of
the sinter schedule itself. We will do this after completing the wizard.
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Details of "Sinter Schedule”
—|| Drefinition
Heating Mode
Environment Temperature |22 *C

rJ;ID}(

Isothermal

Start Time 1s
-] Geometry
Scoping Method Geometry Selection
Geometry 1 Body
-|| Thermal Schedule
Mumber of Set Points 2
-- 5et Point : 1
Input by : Duration
Temperature 1380 °C
Duration 7200 s
-- 5et Point : 2
Input by : Duration
Temperature 1380 °C
Duration 3600 s
=| Information
Final Time Mot Generated

Adjust Analysis Time/Step Yas

5.12.Wizard Step 8 - Define Results and Solver Settings

The final wizard step allows us to customize results and solver settings. We will use the recommended

defaults.
1. Keep Yes (default) for Generate Result Objects.
2. Keep Yes (default) for Large Deflection.

3. Keep Yes (default) for Quasi-Static Solution.
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4. Keep Yes (default) for Auto Time Stepping, 1 (default) for Min Time Step, and 1000 (default)
for Max Time Step.

5. Click Finish to complete the wizard.

6. Click X in the upper, right corner to close the wizard panel.

QA @w& % C-% QA @ @ Q St ®Moder FT T Wizard

Slnterlng Process \nsys / acr
* Wizard Step: Define Results and Solver Settings
” Results
Generate Result Objects | Yes -
* Recommended Settings
A 2 - Large Deflection Yes g
\ 3 - CQuasi-Static Solution | Yes v
L4 Auto Time Stepping Yes v
4 - —MinTime Ste 1 5eC
— p
- Max Time Stey sec
4 P 1000

Help

Generates result objects and configures the solver for recommended settings.
Z e

X
Generate Result Features: Switch to generate the output results for the
10,000 {rmm) V sintering material model.
Yes: Result objects will be generated.

Ne: Result objects will not be generated
e B OX

Graph s w |0 X | Tabular Data s

Large Deflection: Applies large deflection assumption into the solver.
Quasi-Static Selution: Applies quasi-static assumption into the solver.

~ - . 5... W

Sintering Thermal Cycle

ExitWizard

When this step is completed, several sintering-specific result items have been added in the Project tree.
We will review those items once the solution is complete.

Release 2024 R1- © ANSYS, Inc.Allrights reserved. - Contains proprietary and confidential information

126 of ANSYS, Inc. and its subsidiaries and dffiliates.



Generate Sinter Schedule and Solve

Outline * D OX

Mame w | S5earch Qutling | »

-

-8 Geometry Imports (e
-8 Geometry
--‘fm Materizls
- Coordinate Systems
- /) Connections
- /%8 Mesh
- 8 Named Selections
..... /ﬁ Static Structural (A5)
.{EH Analysis Settings
--¢-$- Standard Earth Gravity
- T Sinter Material
-z Sinter Schedule
- /. Solution (AG)
b KIEI Solution Information
-_/ﬁ Total Deformation
-_;m Relative Density
------- & B3 viscosity
78 Sinter Stress

h, & 3 Grain Size

5.13. Generate Sinter Schedule and Solve

An optional step is to generate the sintering schedule before solving, perhaps to verify that the data
is correct. Otherwise, generation of the schedule is done automatically when the solution is initiated.

1. Under the Static Structural analysis, right-click Sinter Schedule and select Generate.
Q8@

Oy ¥
H

S Q@ & @ @ Select "™ Moder ET@.@@@“Z

Mame | Search Qutline | _
[ Project*
Bl Model (A4)

Geometry Imports

T8 Geometry

8 Materials

34 Coordinate Systems
Connections

@ Mesh

- (8 Named Selections

=] /ﬁ Static Structural (A5)
= Eﬂ Analysis Settings

- Gr Standard Earth Gravity
- @ Sinter Material

1
¥
V [ ] Snluhnn (a6) Insert »
< 2 5 Generate >
Details of "Sinter Schedule" =22 g Suppress rd
[=l| Befiniion IO Duplicate ~
Heating Maode Isc
Environment Temperature |22 B Copy
Start Time 1: % Cut
]| Geometry 0 Clear Generated Data
Scoping Method |Gs 20,00 {rnm)
Geometry |1 f X Delete ’ T
=1 Thermal Schedule do Rename F2
Number of Set Points 2 SRR R
- = Group Cri=G + 0 O X TabularData
-- 5et Point : 1 ) )
InpLt by : Do £ Group Similar Objects Sintering Thermal Cycle
Temperature 1380°C
Duration 72005
-- Set Point : 2
Input by : Duration
Temperature 1380°C v
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After a few seconds, a plot and table representing the sinter schedule appears below the
graphics window. Note that a very small, insignificant step (1 second) is added at both the be-
ginning and end of the furnace schedule to aid in simulation convergence.

Graph ' Sml W Tabular Data

Sintering Thermal Cycle Time (sec) | Temp. (C)

X 1 0 22.0
x 2 1.0 22.0
G ~ @ 3 7201.0 1380.0
a3l 4 108010 | 1380.0
&
F

ﬂ 1 T T T T T 1

0.2 0.4 0.6 0.8 1 12
Time (sec) (x 104)

2. We are now ready to solve! Under the Static Structural analysis, right-click Solution (A6) and
select Solve to initiate the solution.

‘aaee

Name ~ | Search Outline | %
T Project*

B Model (A4)

Geometry Imports

@ Geometry

- [m}
& M

= Connections

@B Mesh

- & Named Selections

[ static Structural (AS)
-‘/Hﬂ Analysis Settings

V-@- Standard Earth Gravity
Bl Sinter Material

-/ ®1 Sinter Schedule

.
.
B

Insert 3
Solve

Clear Generated Data

Rename F2

Group All Similar Children
<

O e w

Open Solver Files Directory

[=]| Adaptive Mesh Refinement
Max Refinement Loops | 1.
Refinement Depth | 2,

Status Solve Required 10.000 {rmm)
I

MAPDL Elapsed Time
MAPDL Memaory Used
MAPDL Result File Size
[=l| Post
Beam Section Results |No
On Demand Stress/Strain |No

woiw QO] ¥ || Tabular Data -

3. While the solution is solving, right-click Solution Information, click Insert, and select Deform-
ation Plot Tracker to see the deformation during solution.

C-4+QAQAQ st KMode- TEREREE®E 2

Release 2024 R1- © ANSYS, Inc.Allrights reserved. - Contains proprietary and confidential information
128 of ANSYS, Inc. and its subsidiaries and affiliates.



Generate Sinter Schedule and Solve
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S| Model (A4) EQUIL ITER 3 COMPLETED. NEW TRIANG MATRIX. MAX DOF INC= —0.7463E-09
Geometry Imports Kinetic Energy = 0.6960E-14 Botential Energy = 0.1778E-03
@@ Geometry DISP CONVERGENCE VALUE = 0.7463E-09 CRITERION= 0.1490E-03 <<< CONVERGED
8 Materials LINE SEARCH PARAMETER = 1.000 SCALED MAX DCF INC = -0.7463E-09
< Coordinate Systems »>» SOLUTION CONVERGED AFTER EQUILIBRIUM ITERATICN 3
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] Analysis Settings #%% AUTO STEP TIME: NEXT TIME INC = 10.000 UNCHANGED
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/B8 Sinter Material DISP CONVERGENCE VALUE = 0.9990E-08 CRITERICN= 0.1402E-03 <<< CONVERGED
/@) Sinter Schedule EQUIL ITER 1 COMPLETED. NEW TRIANG MATRIX. MAX DOF INC= 0.9930E-03
-£%) Solution (AG) Kinetic Energy = 0.6960E-14  Fotential Energy = 0.1780E-03
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£ Viscosity L I CONVERGED AFTER EQUILIBRIUM ITERATICN 1
£90 Sinter Stress B2 stress Plot Tracker 2  SUBSIEF 2 COMPLETED. CuM ITER = 13
£ Grain Size §  Strain Plot Tracker 1.0000 TIME INC = 10.0000
LASTIC STRAIN STEP = 0.1465E-07 CRITERION = 0.1000E-01
Kinetic Energy = 0.68960E-14 Potential Energy = 0.1780E-03
##% AUTC TIME STEP: NEXT TIME INC = 15.000 INCREASED (FACTCR = 1.5000)
< >
Details of "Solution Information” FORCE CONVERGENCE VALUE = 0.1473E-01 CRITERION= 0.6654E-03
L = DISP CONVERGENCE VALUE = 0.1873E-07 CRITERION= 0.1402E-03 <<< CONVERGED
B Soluti EQUIL ITER 1 COMPLETED. NEW TRIANG MATRIX. MEX DOF INC= —0.1873E-07
Solution Qutput Solver Output Kinetic Energy = 0.6960E-14 Botential Energy = 0.1786E-03
Mewton-Raphson Residuals | 0 DISP CONVERGENCE VALUE = 0.1873E-07 CRITERION= 0.1431E-03 <<< CONVERGED
|dentify Flement Vialations 0 LINE SEARCH PARRMETER = 1.000 SCALED MAX DCF INC = -0.1873E-07
Update Interval 255 FORCE CONVERGENCE VALUE = 0.2936E-10 CRITERICHN= 0.§790E-03 <<< CONVERGED
»>» SOLUTION CONVERGED AFTER EQUILIBRIUM ITERATICN 1
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[=|| FE Connection Visibility #+% TIME =  36.0000 TIME INC = 15.0000
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Display All FE Connectors Kinetic Energy = 0.6961E-14 Potential Energy = 0.1726E-03
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Line Calar ORI FORCE CONVERGENCE VALUE = 0.3315E-01 CRITERION= 0.6558E-03 <
Visible on Results Mo
Line Thickness single < >
Display Type Lines Geometry  Worksheet

4. Occasionally during the solution, right-click the Total Deformation plot tracker and select
Update Result to get a fresh snapshot of the deformation.

QQ (®w & %% P QABQQ St kMode- TERRRBEEE ™R

= | Search Qutline | v L

Model (A4)
v; Geometry Imports

v 2i Coordinate Systems
J Connections
&P Mesh

M Named Selections
El-£[1 Static Structural (A5)

JE Analysis Settings

% Standard Earth Gravity
] Sinter Material
/B Sinter Schedule
Solution (A6)
Solution Information

02831
0.0083876
0.0042538

RelstveDeg & Update Result ctri=U

Update Result (Ctrl+U)

Grain Size Evaluate a result plot tracker
while solving. Required in

Manual Update mode.

Details of "Total Deformation ~*lOox @ Press F1 for help.
[=| Scope
Scoping Method |Geometry Selection Z
Geometry | Al Bodies
[=I| Definition
Type Total Deformation e -~
o Time o — "
Display Time Last 2,500 7.500
Suppressed Mo
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5.14.Review Results

Once the solution is complete, review results by clicking on the result items in the tree.

1. First, change the display scale to 1.0 (True Scale) in the ribbon (Result tab) for a better view
of deformation. (By default, the scale is set for an exaggerated display.)

E= Context A Static Structural - Mechanical [Ansys Mechanical Enterprise] = A X
HOLJ// Result Display Selection Automation Add-ons Sintering Process L @ 9'

Ig X % El g la E:_Commands @Images' : = % E

1 [ Comment E.SectionPlane

Duplicate Solve Analysis . Display Vector Capped Views
- Q - . P,Remote Po i Chart [ Annotation 1 Display™ | Isosurface™ | .
Cutline Solvers Insert
Outline =omeem: wes OO 0L | £ aq IEI' &9 9y \_1/; 1.0 True Scale) - [ E % [ZProbe ¥ snap | e BB f
= Name - w = Scoped Bodies - [ Maximum
v T Geometry Contours Edges
= E Model (A4) o ¥ Large Vertex Contours . - - @Mlmmum
B A5 Geometry Imparts Display

2. Next click Total Deformation. The result shows bending in the middle of the bridge span due
to gravity because of the viscoplasticity of the material. View the behavior over time in the
graph below the graphics window. There is an initial thermal expansion followed by shrinkage
once the sintering activation temperature is reached.
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4w
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Jﬁ Mesh 1.1441

Bl 8 Named Selections 0.99934

Bl Static Structural (A5) 0.85657
‘/ﬂ Analysis Settings 0.71381
- g4 Standard Earth Gravity 0.57105
‘,@ Sinter Material 042829
-/} Sinter Schedule 0.28552

Bl ,/@ Solution (A6) 014276
,m Solution Information

: - /8 Total Deformatior DOl
»/%8 Total Deformation ®
9 Relative Density
',ﬁ Viscosity 0.000 10.000 20.000 {mrm)
]

B Sinter stess 5.000 15,000

D Grain Size
v
< 3 Graph : ‘w I O X Tabular Data s Ox
Details of "Total Deformation” -~ 1Ox Animation |© E . [|I| 20 Frames - 2%ec (Auto)  + f Time [s] ||_ Minimum [mrm] ||_ Maximum [mm] ||_ Averag A
. I - 0. 2.7273e-003 2.6162e-01
=I| Results ~ 10801 2 1. 0. 2.7667e-003 2.5027e-00
Minimum 0. mm 12849 3 |2 0. 2.3333e.003 2.4206e.00
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Average 0.34404 mm E 0.5 5 |585 0. 3.83342-003 2.4272e-01
Minimum Qccurs On | bridge_with_base\... 6 |%225 0. 5.058e-003 2.8226e-01
Maximum Qceurs On | bridge_with_base\,.. 0. 7 |126 0. 6.4559e-003 3.519e-00:
=1 Minimum Value Over Time o 2500, 5000. 7500, 10801 8 [176.63 0. 8,64962-003 4783501
Minimum |O, mm [s] 9 |252.56 0. 1.211e-002 6.8614e-0
Maximum |1], mm [ 2 I 3 ‘ 10 | 366.47 |0, 1.7326e-002 1.0154e-01
=| Maximum Value Over Time 11 (537.33 |0. 2.5681e-002 1.5107e-00 w
Minimum [27273e 003 mm | ¥ Messages | Graph < >

3. Use the animation controls to see an animated display of the deformation, as shown here. The
following is an animated gif. Refresh the page to refresh the animation. The animation is not viewable
in PDF format.
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Click Relative Density. A maximum densification of 0.566, or about 56%, occurs at the top of
the bridge span where compression of the material aids densification. The bottom of the span
experiences tension and, therefore, less densification.

Outline MBIkl QA ®vE %L [C]rRARAQ St KMue- TEEDRERE &
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5. Click Sinter Stress. Sinter stress is the driving force that cause shrinkage. Once the temperature
reaches the sintering activation temperature, the stress abruptly increases.
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Congratulations! You have completed the tutorial.
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