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This document is a brief tutorial on the application and use of the Additive Manufacturing (AM) tool in Ansys software.
Additive manufacturing analysis in Ansys is divided into the following different sections:

AM Prep

AM Print

AM in WorkBench

AM science

AM and material Design
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AM Prep

Using the Ansys Spaceclainm to prepare the AM process, including choosing the best orientation, and supports and
generating the build file for additive printing. Ansys AM prep in Spaceclaim is to investigate the support structure for the
target geometry using the following steps:

Stepl:

create a SpaceClaim block and activate the Additive tab which contains the AM prep features
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c¢) Activate the Additive prep d) if the tab did not appear close the SpaceClaim and reopen it




Step2:

Import the CAD (.stp) file and define the build volume:
The CAD file created by other software or Spacecliam itself can be imported to SpaceClaim
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a) Open and import the file

b)Part need to be exactly under the
main structure in the tree
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¢) create a build volume which is the
maximum size can be built using the
machine

The workspace and machine will be
added to the tree automatically

Use setting to specify the build
volume
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There are other options which do not change them here so the default is acceptable.(here we just specifying the build




Step3:

Chose the optimum orientation based on one of the following targets or combination of them

0 Support volume/materials
0 Distortion tendency
0 Build time-Based on our priority we can chose to have the fastest, least material use, or least distortion for the
part
*. Prioritization il Support Volume v
e %
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& |Bukd Time 5

Optimization maps (green for each criteria is the best
choice)

In the Combined setting we can select the distance from
the built plate. Also by selecting the pint on the contour
map the orientation of the part changes

Orientation Map
| Combined Current Settings

1 of Solid
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Selected point and distance from the build plate

Individual contours of 3 parameters corresponding to the
combined setting point (mostly green or yellow)

Step4:

After selecting the best orientation we need to create a support based on the need of the materials
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Overhang Angle: 45 =
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Line Regions:

Select the Create Region

45deg is the a good initial estimate

REgion size should be larger thatn minimum facet area if

the geometry is based on te STL format

Calculating Support Regions using Overhang Angle and Region Filter Size
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After confirming the Angle and area parameters
The support regions will be created

We may want to delete some of the support areas for
example in the support will be created inside a cavity
which is hard to clean or remove.

Or we we have to re-orient the build geometry




Structure

Click an object. Doubleclick to select an edge loop! Triple-click to select a solidh
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Deleting one of the support area

Support region can be manually be added or remover.
(select the manual first and add the surfaces and
confirm/green, individual surface can be added and
remove using the next two options)




Step 5:

Create support Region
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Type of support and parameters related to the support
creation for each region. After setting up the parameters

confirm the creation/green

Created support based on the parameters
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Using the slicing view to review the printing procedure

We also can review the animation of printing vectors and
layers




Step 6:

Final step includes exporting the build simulation files:
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» Desktop » Additive » Tutorials > Tutorials_files > Build Volume_2023Jul15_125735
N

Name Date modified Type Size

% ansys_additive_print Compressed (zipp... 30,091 KB
fla) baseplate 3D Object 1KB
E build_job Ansys 2023 R1 .sc.. 10,030 KB
fa) part 3D Object 143 KB
J print_file.sim SLM File 40,957 KB
fla) support_viess 3D Object 3473 KB

Cos

E

Mame

ansys_additive_print

fa] baseplate 7/15/202
2 build_job 7/15/202
da part 7/15/202

| print_file.slm 7/15/202
Llp

Em support_vless

Exported build files

These files will be used for the next steps of AM analysis
in Ansys Workbench

During the AM Prep different parameters can be adjusted to achieve the desired outcome, Ansys User Guide document

contains the details about each parameters.
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Ansys Additive Printing (AP)

This section covers different analysis tools in Ansys AM including simulation, calibration, validation, and other related

topics. Additive print tools in Ansys are for quick simulation of

the 3D printing process to estimate the part distortion and

perform additional modifications after validation to improve the printing process. This should significantly reduce the

overall product time.

o]
O Additive 2023 R1
AM

User Interface

Additive 2023 R1
Edit View Window Tools

Ansys

Help

1]
Dashboard

Draft Simulations

Mo draft simulations

Running Simulations

Build Files

-1

No running simulations

Materials

Completed Simulations

Mo completed simulations

Additive 2023 R1

Edit View Window Tools Help

Dashboard

Parts

Search...

Build Files

=

No data to display

Materials

0tota

Simulation dashboard:
0 Draft simulation: for importing files or creating new
simulation
0 Running simulation: for simulation in progress
0 Completed simulations: successfully finished or

canceled/error simulations

Parts:
All of the STL files available, should be in mm and
watertight to be used

11




A 2dditive 2023 R1 - O X
Edit View Window Tools Help

Edit View Window Tools Help

m Dashboard

Dashboard

pipeSTL EIEE

Details

Description: this is sample to test

Import Part

Select Part

Build Files Tags: tutorial

Build Files

Choose File | No file chosen Uploaded File Name: pipeSTL.stl

= Binary or ASCII _stl file required. The dimensions MUST be in mm units 1
Materials Status
Availability: Available

Materials

. Lo Created: Jul 15, 2023
Provide Part Description
Last Modified: Jul 15, 2023

Name = )
Specification
Volume: 32,284 6 (mm?)

Tags Size (x, y. ). 95.13 mm, 35.63 mm, 96.21 mm
Triangle Count 5,000

Description

E-U  Cancel

You can import a part add the name, tag, and description, | Sample of imported STL file

and save it to the part library Details of the file can be changed using edit or deleted
<] solidsti” or ~_vless stl
Edit View Window Tools Help O = Zero or more support geometry files (_stl). Each volumeless

Build Files support must have the suffix *_vless.stl” and each solid support

must have the suffix *_solid_stT" (for example, support1_vless.stl
suppori2_solid.sil, eic)

The part and support geometries must match the size, orientation, and
position of the scan pattems in the maching instruction file.

e B\ ild Files

Provide Build File Description

m Descriotio File T
Build Files N
No data to display ame
-1
Materials
tota
Description
Build File Type

Additive Industries
EOCS
HB3D
‘ Renishaw
Sisma
SLM
Trumpf

Build files also can be imported which contain parts to be Build companies supported by Ansys at the moment.
printed and machine-related files. Details of the build files can be reviewed after importing
the files such as name, type, machine type, build size,

| ayer thickness, é

12




Additive 2023 R1 _
Edit View Window Tools Help

Ansys Pre-de 7

Materials

316L 316L Ansys Pre-de  7/15/23, 1:26
AI357 AI35T Ansys Pre-de  7/15/23 1:26
AISi10Mg AlSi10Mg Ansys Pre-de  7/15/23, 1:26
CoCr CoCr Ansys Pre-de  7/15/23, 1:26
IN625 Inc625 Ansys Pre-de  7/15/23, 1.26
IN718 Inc718 Ansys Pre-de  7/15/23, 1:27
Tie4 Tigd Ansys Pre-de  7/15/23, 1:27

8 total

AN NN

AN

Additive 2023 R1

Edit View Window Tools Help

Dashboard

Materials

17-4PH

Overview

Key
Created
Last Modified

Available for Thermal Simulation

Available for Microstructure Simulation

Properties

Thermal Expansion Coefficient (K1)
Elastic Modulus (GPa)

Poisson Ratio

Material Yield Strength (MPa)
Hardening Factor

Support Yield Strength Ratio

Strain Scaling Factor

17-4ph
7/15/23,1:26 PM

7/15/23, 1:26 PM
v

e

0.0000112
175

0.272

821
0.019943
0.4375

1

List of available materials in Ansys

By selecting the materials from the list you can see the
mechanical properties or change it based on the available

material from different suppliers if needed

calibrate it to match the build.

0 The Support Yield Strength Ratio is a measure of how much support material is present compared to solid

0 Calibration is needed to obtain strain scaling factor & strain coefficients (will be used to tune the simulation and

material. A value of 1 means that the support material is equivalent to solid material. This value is used as input
for the initial solution, but not for the calculated optimized supports. Elements (voxels) created below all
downward-facing surfaces will have this value.

0 The Strain Scaling Factor is a value that is used to adjust the results of a simulation to match the results of a

physical build. It is a direct multiplier of the simulation strain results, and it can vary depending on the material lot,
scanning parameter set, and equipment used.

the strain relative to the scan directions. The three coefficients are:

3 ¢: This coeff

ci

ent

S

used to multiply the

0 Anisotropic strain coefficients are used to describe how a material's strain changes depending on the direction of

predict

3 : This coefficient is used to multiply the predicted strain perpendicular to the direction of the laser fill

scan.

3 Z: This coefficient is used to multiply the predicted strain in the Z direction.
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1st Additve Print

The Following is a sample of performing Analysis using Ansys

m
Dashboard

Build Files

-1

Materials

FA 2dditive 2023 R1 - o
Edit View Window Tools Help

first sim [ eat | et | pee |

Details
Description: 40*30*20 mm block with 5mm gap betwen the part and plate

Tags: bar
Uploaded File Name: 40-30-20mm_5mmPlateDis.stl

Status
Availability: Available

Created: Jul 15, 2023
Last Modified: Jul 15, 2023

Specification
Volume: 24,000.0 (mm?3)
Size (x, y, z) 40.0 mm, 20.0 mm, 30.0 mm

Triangle Count: 12

Imported block for this tutorial (STL file and block
40*30*20mm dimensions

A additive
Edit View

m
Dashboard

Build Files

1

Materials

2023 R1
Window Tools Help

Draft Simulations

oo | vew - | cee |

Additive Print
No draft simt Assumed Strain

Scan Pattern

Runni Thermal Strain

Additive Science
Single Bead
No running s Porosity
Thermal History
Microstructure .
Comp 5

No completed simulations

[m]

See All

x

After importing the file go to dashboard > Assumed Stain
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e - oox Add description, tags, and number of cores for parallel
P EE— simulation (MPI must be installed during the Ansys
Nnsys installation).

M Configure Assumed Uniform

Strain Simulation

Details

Build Files

Simulation Title *

=: 1st sim

Materials

Tags
rectangular geometry X +Tag

Tag your project for efficient filtering, grouping, and reporting
Description

This is the first test|

Number of Cores

4 v

Geometry Selection

Additive 2023 R1 B o % 3

0 Inthe part file you can add the part that has been
uploaded in the part geometry to the simulation

0 Choose the vertex size and sampling rate (see the

1 simulation part for more detail)

Edit View Window Tools Help

Available Parts

Build Files
Search...
=
Materials ame Status Upload Date
first sim Available 715123, 232 | Add |
pipeSTL Available 715/23, 152 | agq

voxel Size (mm) @

2

Voxel Sample Rate (sample rate®) ()

5

15




Additive 2023 R1 _ o %

Edit View Window Tools Help ‘\:\:) SimU|ation Wlth Support i
0 Use the optimized support option
0 Set the initial support factor to 1
m 0 Volumeless support thickness to 300um
DESTEEE Simulate With Supports x . .
0 And solid support minimum to 300um
P?: Support Type
- Automatic T
O
Build Files.
Minimum Overhang Angle (°) * o
- -
Materials -
Minimum Support Height (mm) *
Support Yield Strength Ratio o
0.4375
Generate Optimized Supports
Support Factor Of Safety * @)
1
Volumeless Support Parameters Solid Support Parameters
Wall Thickness (pm) * Minimum Wall Thickness (um) *
300/ B 300
Maximum Wall Distance (um) * Maximum Wall Thickness (um) *
1600 1000 7
Banezon -0 0 Select the material
it View Window Tools Help - . .
0 Select Linear Elastic model
0 Set other mechanical property of the material

m
Dashboard
Material Configuration
&
Paris
Material *
[m] Tig4 .
Build Files
Siress Mode
L1
Materials Linear Elastic .

Elastic Modulus (GPa) *

115.2222

Poisson Ratio *
0.338

Yield Strengtn (upa)
1180

strain Scaling Factor * (@)

1

16




Additive 2023 R1 _ o %
Edit View Window Teols Help

QOutputs

m
Dashboard

Distortion compensated STL file @)

Scale Factor

Build Files 1%
=
Materials Displacement after cutoff
Cutoff Mode @)
Part and Support Cutoff v
Cutoff Method

Instantaneous v

[0 Distortion compensated STL fl\eo
O Layer by layer stress/distortion @)
[ Files for transfer to Ansys mechamcalgo
Detect potential blade crash due to distortion

Warning Height: 50 pm Critical Height: 75 pm
Threshold Scaling Factor o

1

Layer Thickness (10 - 100 pm)
50

[] Hign strain areas

O«

O¢ O«

Select the distortion compensated and keep the
Scale Factor 1

Check the displacement after cutoff

Select the potential crash and set the parameters
to 1 and 30um

E3

[ i [ [

O¢ O«

Select save
Select stat simulation
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Additive 2023 R1

Edit View Window Tools Help

Build Files

-1

Materials

Overview

Simulation ID 1

Status In Progress

Title 1st sim

Description This is the first test
Tags rectangular geometry
Requested a few seconds ago

7/15/23, 413 PM

Simulation Type Assumed Uniform Strain

Number of Cores 4

Activity Status

Voxelization — Finished

Mechanics Selver — Running

E

MAPDL Cutoff Displacement Solver — Requested
Support Optimization — Requested

Distortion Compensation — Requesied

VTK to AVZ Conversion — Requested

Part

Name first sim
File Name 40-30-20mm_5mmPlateDis.stl

Description 40*30°20 mm block with 5Smm gap
betwen the part and plate

Tags bar
Volume 24,000.0 (mm?)
Size (x.y.2) 40.00 mm, 20.00 mm, 30.00 mm

Triangle 12
Count

Voxel Size 0.5 mm

Voxel 5
sample
Rate

Material

Material Tig4
Stress Mode Linear Elastic
Yield strength 1,180 MPa

Elastic Medulus 115.2222 GPa

T

Outputs Selected

On-plate residual stressidistortion

Distortion compensated STL file
Scale Factor: 1

Supports residual stressidistortion

Displacement after cutoff
Mede: Part and Support Cutoff

Method: Instantaneous
Distortion compensated STL file (after cutoff)
Layer by layer stressidistortion
Ansys mechanical files

Detect potential blade crash due to distortion
Threshold Scaling Factor: 1

Layer Thickness: 30 pm

High strain areas

Onitnnt Filae

Each step of the simulation can be monitored
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Simulation options in Additive Printing:

Draft Simulations

Rl - - [

Additive Print
MNo draft simi Assumed Strain

Scan Pattern

Thermal Strain
Additive Science

Single Bead

Porosity

Thermal History

Microstructure

3 different analysis methods are available
ZAssumed Strain

ZScan Pattern

ZThermal Strain

A For each type of an
stress modes

Zlinear Elastic

ZJ2 Plasticity

T YYQ 4odfo

Assumed stain assumes linear stain in each
direction

Strain is calculated by the left equation, so it
does not consider the machine pattern or
specification.

Simulation is the fastest and simplest method
but SSF needs to be calibrated
experimentally ( will be discussed in later
sections

Linear Assumed Strain considers the
modulus of elastic linear.

This model can predict the distortion before
the cutoff from the plate accurately but it is
not a good model for prediction of the
distortion after the cuttoff from the build plate

J2 Plasticity model is more realistic and more
accurate for prediction of the distortion after
the cutoff
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stripe

\
'i

|
\ |

\ \
| Laser beam *l
\and scanning
vector

After scanning a layer the angle of scanning will
rotate by Layer Rotation Angle

Hatch ] p'qce
1 |

-‘-’k“starting
angle

X

Scan Pattern Simulation

A 6Scan Patternd mode
strain magnitude as Assumed Uniform
Strain.

ZSubdivides into anisotropic
components based on the local
orientation of scan vectors.

ZRequires the creation of scan
vectors using user provided

scan settings or reading scan

vectors from a build file

We can keep the direction of scanning
parallel to each coordinate by setting the
starting angle to 0 or 90 and layer rotation
angle to 180

Scanning pattern can help the part quality
when the scanning is not random and the
scale of pattern is comparable with part
dimensions

The second simulation method is the themal

stain:

0 Has more details such as individual
scanning vectors and heating and
cooling at each point and layer

0 Considers accumulated stain for
multiple heating times

0 It considers the effect of heating and
softening but requires much longer
time for simulation

0 Also considers laser irradiation
locatio, melting depth, affected zone
around the scanning

Supports

15ty * @)

Violumeless Support Parameters

Vall Thickness (um)

Solid Support Parameters

Mini

mum Wall Thickness (um)

Maximum Wall Thickness (um

Supports options:

0 No support: part is directly on the
build plate

0 Self supporting with base support:
gap between the part and build plate
will be filled with support

0 Parameters for the supports can be
changed based on the build
requirement

0 Minimum Overhang Angle is the
minum angle for generating the
support

0 Minimum Support Height is the
distance betwen the build plate and
lowest part of the part.

0 Support Factor of Safety (SFS)
determines the support density 1
means uniform, and 2 increases the
density of the support, especially
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near the walls and base plate

0 Support Yield Strength Ratio is the
strength of the support material
compared to the part

0 Minimum and Maximum Wall
thickness are to optimize the wall
thickness support based on the
geometry of the part and. Thicker
walls are harder to remove but
provide higher strength

0 Voxel Size: Ansys discretized the
geometry to small cubic geometry,
and the default size of these cubs is
0.5mm.

0 Sample rate divided the voxel to
n*n*n to capture the geometry and
physical properties better

0  Minimum recommended voxel
number is at least 3 across the
smallest feature, 4-5 is better, but 10
or more is excessive

0 Itis also better to stay in less than

50% of the available memory of the

machine

Draft Simulation Setup i Voxel Size Tips and
Tricks

A 1t is suggested tha
voxels across the smallest feature

A -BAvoxels across the smallest feature gives
a more accurate simulation

A Any more than 10 vo
is wasted memory

A Voxel size also aff
requirements i best to stay between 25%

and 50%

of Available Memory found earlier to prevent
swapping

Outputs

Distortion compensated STL 'I\ea

Scale Factor
1%

[J Displacement after cutoff

O Layer by layer siress/distortion o

O Files for transfer to Ansys Mechanical® @)
[] Detect potential blade crash due fo distortion

[ Hign strain areas

The default is the plate stress and distortion
which export the VTK file of stress and
distortion before removing the part from the
build plate
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Outputs

Distortion compensated STL file ()

Scale Factor

11X 11X 12X 13X 14X

X | v

Start

End

Step

1

The distortion compensated STL is to
compensate and correct the original geometry
to obtain better options for the target
geometry. We can scale this factor linearly up
or down

Displacement after cutoft
Cutoff Mode @)

Part and Support Cutoff

Cutoff Method

Instantaneous

[ Distortion compensated STL file @)
] Layer by layer slressa‘mstortiono
[ Files for transfer to Ansys Mecnanicalgo

[ Detect potential blade crash due to distortion

Displacement After Cutoff will calculate both
stress and distortion after part cutoff without
any thermal stress relief

- B -
Layer by layer stressidistortion o

Maximum storage used for layer by layer VTK files (GB) 0

20

[] Files for transfer to Ansys Memamcalgo
[ Detect potential blade crash due to distortion

[] High strain areas

Layer by Layer result can be used later on to
animate the printing process

Detect potential blade crash due to distortion

Warning Height: 30 um Critical Height: 45 pm
Threshold Scaling Factor ()

1

Layer Thickness (10 - 100 pm)
30|

Blade Crash Detection
0 Detect the blade failure, when the z
direction distortion is high enough to
fail the part

0 Threshold Scaling Factor is to
calibrate the blade flexibility. If the
layer is 50um with factor 0.8 software
considers 40um as likely and 80um
as the critical value

0 This result will be available in VTK
and CSV formats in which 0 mean
not predicted 1 linkely and 2 critical

High strain areas

Support Strain Threshold (%)
10

Part Strain Threshold (%)
20

Strain Warmning Factor

0.8

0 High Strain Areas is to highlight the
strain accumulation during the AM
process which can result in crack and
other defects.

0 Usually for the support 0%-8% has a
low risk, 8-10 potential risk, and
10%> likelihood of failure

0 For the part 0-16 low risk, 16-20

warning zone and above 20% is the

critical failure area
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0 The same threshold number is used
in the CSV file, 0-1-2

Most of the simulation setup are the same as

Additive Print
Assumed Strain

Scan Pattern
Thermal Strain s

Additive Science

Single Bead

Forosity

Thermal History

Microstructure

IR
[
Machine Configuration The u_nique part of ;his_simul_ation type is the
machine configuration in which we can enter
Machine the layer thinkess, starting angle, and rotation
Generic v angle

Layer Thickness (10-100 um) *

50

Starting Layer Angle (=)~
57

Layer Rotation Angle (*)*

67

[J Exclude contour scan vectors in simulation
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The thermal strain simulation is the most

m m detailed and accurate simulation type but also
is the most computationally expensive one. It

Additive Print considers the following factors:
Assumed Strain 0 Strain from thermal cycling and
Scan Pattern multiple-time heating

>

0 All of the scanning vectors during the

Th | Strai At i
=10zl S printing process and cooling and heat

Additive Science of each point
Single Bead O Strain accumulation and melting of
Porosity the layers underneath the scanning
Thermal History layer.
Microstructure 0 Meshing of this model is automatic
and depends on the process
. parameters and other inputs.

. You need to check to see if the materials in
Materials the library are available for the thermal
simulation in Ansys 2023R1 all of the

predefined materials are available for thermal
FemmEmE) simulation

Search

17-4PH 17-4ph Ansys Pre-defined  7/15/23, 1:26 PM e
316L 316L Ansys Pre-defined  7/15/23, 1:26 PM

Al357 AI35T Ansys Pre-defined ~ 7/15/23, 1:26 PM

AISi10Mg AISI10Mg Ansys Pre-defined 7/15/23, 1:26 PM v
CoCr CoCr Ansys Pre-defined  7/15/23, 1:26 PM Ve
INB25 Inc625 Ansys Pre-defined  7/15/23, 1:26 PM v
IN718 Inc718 Ansys Pre-defined  7/15/23, 1:27 PM v
Tie4 Tie4 Ansys Pre-defined  7/15/23, 1:27 PM Ve

Simulation outputs can be exported or viewed

Completed Simulations

See All

1st sim
@ sim 1 - Success 19 hours ago
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QOverview

Smuiaen 0
stanes
Desergtion
s

Requn
compiets

Simulation Type

NurDer of Comws

Activity Status

Vexslization - Frihes
Mechanics Salver
MAPOL Cutoh
suppor Optmizaton
Distortion Compensation
VTK to AV Cenversion - F

TR COMEETIIne
VTH 15 AVZ Eonvaricn

Logs

Part

Hame st

o

nprion

ngs
Volume.
a9 (2
Trangle

Veasi sire

Material

Maters
Stresa Mode
Vild Strangi
[—

Poiston Rate

Essati Modulus
Poisson Ratie

Strain Scaling Factor

Supports

Frr—

Support Type
Minimsum Overhang Angle

Suppert Factor OF Safety Costicient
Suppart Yieks Streng Rt
[ —

wum Support Haigt

M v Thicsne:

Maimum Wil Thickness

Outputs Selected
Ompizts esidual stressisiorton

Distortion compentated STL e

Supports residual sees s distanion

Dispiacament atier cutott

[ TP ———

Laper by iayar swessiaistomon

sy mechanical fles

Detect petental blade crash us te distertion

bigh siran areas.

Output Files

Output Files

Salver Voxs! Input
Posmenss Part

n plste siressiisplace

Pometa) bise

Supparis stress/displacemant

Aner cutor aispiacamant

MAFDL Atter Cutoft [RST)

Uniform Velumesess. Support

Optiniaed Volumeless Support

Optimiaed Sobd Support

Geometry with istartion

Companaated Geomatry: 1

sl

Vexs Input avz)

n plats sEBIBpIICH
ava)

Supports stess/sisplacemert e

Do not rename the exported files
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Parview for post-processing

Paraview is free software for post processing of different simulations. https://www.paraview.org/download/

Download and install the software.

DESKTOP-CMECA 4.2 GIR153 Gl 53.0%

0 Paraview environment.

0 STL files including part, support and compensated
parts can be uploaded in Paraview

0 VTK files for animation also can be used

Simulate v Supperts

Suppart Type

M Gvamang Angse.

The layer-by-layer file is the

i sim2-layerwise-vtk
MO2-Additive Print_Inti [ gimp_cupports-stress-displacement.vtk
dE supports_solid_stress

B Tutorials

Tutorials
% Dropbox
# OneDrive - Personal

I This PC

WTK File
3D Object

Compressed (zipp...

23 R1.wb...

° ==
Suppans stresNSIPIACHMEn
Unifr Volumtess tuppart
Opamieed Velumaiess Suppart
Optmized o8 Suppert
[——
[—p—
-
s e
=
[ ———
Bl ome e view @ | Before opening the layer layer we need to extract the
v 4 s Additive > Tutorials v o O Search Tutorials folder
Name - Date modified Type
# Quick access
B Desktop . Tutoral filesbackup File folder
sim2-layerwise-vtk File folder
¥ Downloads * Tutorials_files File folder
5 Rocuments * P File folder
&= Pictures - @ 1_compensated_2 30 Object
Google Drive - D 1_geometry_distortion_2.wvtk WTK File
2 FL + ) 40-30-20mm_SmmPlateDis 3D Object
o 4 a) pipesTL 3D Object
Coack B2 pipesTp SldWorks 2018 Ap...
Y] sim2-critical-strain Microsoft Excel C...
Dropd
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https://www.paraview.org/download/

Podvn Wovew 2% Duoen® | +
@ b ® o w0 @

=
I Open File: (open multipe files with <ctr> key:)

Lookin: | C/UsersfaohyDesktopAddtve Tutoriss/um2-dsyerwise v/

Potes [ ][O [Fhenime ~pe
» 7 yerout Lotk Group
Exsmples. <
ﬂ o %
1y Dacuments
i}
: Deskton
5 g

Support and geometry together.

i a5

Sexea oo
[

3 | gy e 2

.

o Moo
= Pt sapme <
= Doy Mttt <
RS
catenes
] Rt
e | @ SEIEI
oy
ey '
tgbaing
pmcr o

B Paraview 5111

s S G A A GILD D BT We can save the animations or screenshots.
2 Open a0 b o E A4 DPPBMESE mef IERL NS

9 Recent Files »

© Reload Files £ m) - |[Magritd, ~ | [surface X O
4 Load State. N
& Soene O L RLEEFREFL L
af Save Catalyst State... ‘ Cllavout 1@ | +

% Save Data.., s | @ @ o @ =

J Save Sereenshot.
Export Scene..
7 Export Animated Scene.

4 Save Animation...
) Save Extracts.

Save Geometry.

Load Path Tracer Materials.
4 Load Window Arrangement..
¥ Save Window Arrangement.

@ Connect...

3 8 Disconnect
B Ctri-Q
[Search ... (use Esc to dear text) B

= Properties (sim2-suppo ||

= Display (Unstructured6i || =/ 4

Representation | surface

Coloring
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You can also use the Ansys Viewer to review the
simulation results, save, export, or import them
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Calibration and Validation:

One of the main purposes of the AM simulation is to optimize printing the parameters and calibrate them to achieve the
desired accuracy. Here the model provided by Ansys and calibration guidelines is being used to calibrate the model

Calibration geometries are simple geometries that are
used to compare the result of printing with an STL file and
adjust different parameters to achieve the required
dimension.

Sometimes more than one geometry is printed and the
average value of the important dimensions will be used to
calibrate the parameters in Ansys

Canonical

cwi1o cwas Wedge
Square

\ O\ L

|

60 : 60
10_(29) ] 25 __(28.75)

i
-

|
=l
L]

>

>

60

(25 10

. S
207, o
:

g El ﬁ
: &[]

wl 116|042

((2875),_ 25 |

Nt o - The calibration part provided by Ansys in AM user guide
8@ e o e %S W e consists of a cantilever part and its supports

3 P O 4l >
Cliphosrd | Oriest Creste Modify Constraints Edit

wcture

i e S In addition to this file a data-sheet is also provided which
can be used o calculate Coefficients (ASC) and Strain
Scaling Factors (SSF)

ructure | Layers Selecsion Grougs Views

tons - Selecsion
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SSF and ASCs Calibration for Scan Pattern Simulations

Geometry Distortion (mm) _e
lldirection | | (GRS RRRReTE (90,0)
Extract distortion value at the location of interest from
Ldirection
models built with scan patterns 1and 2 ( || and 1)
Simulation | Simulation Simulation settings New settings
; Distortion (mm) Ermor%
o fteration number SSF ASC|| | ASCL | SSF | ASC| | ASCL
=
1
L 1st I direction 1.00 150 | 050 —
] Ldirection
© || direction
] 2nd . —
£ L direction
=]
direction
3rd I ——
Ldirection
Simulation | Simulation . Simulation settings New settings
» Distortion (mm) Error%
iteration number SSF asc|| | asci | ssF | asc| | Asci
| direction
1st . 1.00 150 | 050 —
Ldirection
o Latrection
3 Ldirection
g ard || direction
= Ldirection
L Il direction
» Cover Page | Results Summary | Calibration for AS | Calibration for SP | Calibration for 5 | Additional Calibration for AS

For each simulation method (Assumed Starin, Scan
Pattern and Thermal Simulation) separate sheet exist.

Also, there are different parts for Linear Elastic and J2
plastic for each method.

The green line shows the suggested but any dimension or
point can be used
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Sample of Calibration Process

Import Part

Select Part
Build Files
Choose File | No file chosen
=‘ ASCI MUST be s
Materials A op X
& v MO4... » Add_Print_intro_202082_EN_W
Provid{ orgsnize v New folder 10
Name = o
8 ANSYS Additive_Calibration_Guide_2020
01 ANSYS Additive_ Calibration_Sheet 2020,
] Cantilever ANSYS part
Tags dal Cantilever ANSYS support
Descriptio
v o< >
m { File name: | Contilever ANSYS_pact AN Fies )

Start Ansys Additive

Go to the part section

| mport the @ACanparlite.vsetrl_GANSY
Chose an appropriate name and save the part in the

library

E CalibrationPArt | x| ot ] oo |

@
Pt Details

B 4

Status

Specification

Impon Support

Supports

Now import the support STL file separately

[ —

Select Support

‘Chocse Fie | Cantiever A

Provide Support Description

Lock the support and select the required type
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CalibrationPArt

Pans Details

Specification

Supports

Provies: name e

r—

M, Suppant saignt (mm)

esiianmy craana

You can preview the part and support together

Customize Material

Details

Name

17-4PH - Customized

Description

Initial Setting |

Properties

Thermal Expansion Coefficient (K)
0.0000112

Elastic Modulus (GPa)
175

Poisson Ratio

0.272

Material Yield Strength (MPa)
821

Hardening Factor

0.019943

Support Yield Strength Ratio
0.4375

Strain Scaling Factor

1

Anisotropic Strain Coefficients (||)

15

Anisotropic Strain Coefficients (1)

0.5

Anisatropic Strain Coefficients (Z)

1

Purging Gas Convection Coefficient

125

Powder Packing Density Ratio

08

Save Cancel

To calibrate the printing process, you can use the default
material properties or use a customized value for the
material based on the supplier

You need to optimize the Strain Coefficient during the
calibration

Save the customized material

32




[]]
Dashboard

Draft Simulations

B

Additive Print
Assumed Strain

Scan Pattern
Thermal Strain

No draft simt

Build Files
Additive Science
Single Bead
1 Porosity

Materials

Thermal History
Microstructure

Start new simulation using the scan pattern

Configure Scan Pattern Simulation

Details

Simulation Title

Calibtation
Tags
First Calibration X + Tag

Tag your project for efficient filtering, grouping, and reporting

Description

Number of Cores

4

Geometry Selection

Available Parts

Search

CalibrationPArt Available 7/22/23, 9:00 AM
first sim Available 7/15/23, 2:32 PM
pipeSTL Available 7/15/23, 1:52 PM

Voxel Size (mm) @
05
Voxel Sample Rate (sample rate?) (@

5

Add
==

Add
=

Add the calibration part to the simulation

CalibratonPart

00 mm. 10.00 mm, 12.50 mm
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Supports

Simulate With Supports

Support Type

Support STL

Support

Support_Part

Support Yield Strength Ratio * )

1

Select the support part

Material Configuration
Material *

17-4PH - Customized

Stress Mode

J2 Plasticity

Load Stepping Type * @

Dynamic Load Stepping
Hardening Factor * @
0.019943

Elastic Modulus (GPa) *
175

Poisson Ratio *
0272

Yield Strength (upa) *
821

Strain Scaling Factor * @@

1

Anisotropic Strain Coefficients () * @@

1.5

Select the customized material with the initial scaling
factor

Machine Configuration

Machine

Generic
Layer Thickness (10-100 pm) *
50

Starting Layer Angle (=)~
0

Layer Rotation Angle (=)~

]

[ Exclude contour scan vectors in simulation

For the first scan select the generic machine
Select the printing layer thickness

For the first scanning pattern select (0,0) as the starting
and rotation angles
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Direction of
stripe
scanning

Laser scanning vectors

For scanning pattern 1(0,0)

Outputs

Displacement after cutoft

cuton Mose @)

Support-only Cutoft
Cutoft Method
Directional

Cutor Direction ()

X

cutt steps @

Select the displacement after cutoff
Select the directional cut of method in +X

Refer to the help or information icon! for more detail

Save and start the simulation

For the calibration process, displacement from the
simulation results will be compared with the actual built
dimensions and based on the measurement strain
coefficient in each direction will be corrected.

134 136

x

Assume the actual printing has been done using scanning
patterns 1 and 2. After measurement using the CMM
machine, caliper,... the patternl measurementis 13.6 and
measurement 2 is 13.4, compared to the initial height of
12.5, dh=1.1 and 0.9 mm
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Anisctropie Sirain Costcints 04
&
722/23 1204 FM Aty vikio-avz

comgeted Anissiropic Sirain Coeficients

@
12223, 1204PM VIKToAuzerher compited
T —— Machine
Verson 11410
Name Gener:
Layar Thckness 0y
surng Loyer Angie 0
12223.1203 P Remowng lemgerary fies
Layer Ratation Ane o

12225 1203FM  Storing outpa fles

Exclute contour sean vectors In simulation 5

T2225 1203FM MAPDL Performing resuts

. ang wring
resuns e Supports
Z03FM MAPDL Forming ssement
matnces SImuate Wim Suppens v
7722725, 1203 P MAPDL Staring pog/sparse Support Type
i solve
Name Supporl_Fart

MAPDL Forming element
matices

SupROR Yield Strength Ratic

Solver Voxel Inpit
Pasnioned Part

On plate stressicisplacement
Supports stress/displacement
Amar cutom oisplacsment
MAFDL After Cutoff [RST)

On piate stressiisplacement
fava)

Supports stress/displacement
(v

After cutoft aisplacemant (ave)

Salver Voxs! Inpust (avz)

View Manager

Plot the Z displacement of the sample part.

Simulation results show a 2.8616 mm displacement in the
z direction

Outputs Selected

CalibrationPArt On-plate residual stress/distortion
ame Cantilever ANSYS_part stl

- Include on-plate strain output
e 2,650.0 (mm?)

_ Distortion compensated STL file

y.2) 50.00 mm, 10.00 mm, 12.50 mm
le Count 20 Supports residual stressidistortion
size 05mm

Displacement after cutoff

sampleRate 5 Mode: Support-Only Cutoff

Machine Configuration

Machine

Generic

Layer Thickness (10-100 ym) *

50

Starting Layer Angle (*)*

90|

Layer Rotation Angle () *

0

[ Exclude contour scan vectors in simulation

Now duplicate the simulation and rotate the printing
direction by 90 degree

Run the simulation again and measure the z displacement
again
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View Manager

For the perpendicular direction of the printing process dh

‘Window 1 H
= is 1.6244 mm
- = Al
» U disp_x
» U disp_y
» ¥ disp_z
» U disp
Window 2
Window 3
Window 4
Target Depending on the type for simulation (Linear Elastic or J2
displacement SSFand ASCs Calbration for Scan Patem Smudations plasticity use on the following table and repeat updating
Geometry n (mm) . . . . .
— w “ the coefficient and new distortion value until the Error%
lirection 11
Y Exlractdwstﬂl‘innva\uea(tottlzlucalivnuhmereﬂﬁum e getS C|OS€ tO 0
L direction & models built with scan patterns 1.and 2 { [land L) New
coefficients
Simulati simulatic simulation settings New settings o
2 -::va.:m:" r’\:m:e:" pistortion {mem) SSF asc|| | asci| s | ascl | ased|
é 15t ﬂ::ﬁ:z; t:: 100 150 | 050 | oas | 130 | 0s0 rl::'—;:
Pl o~ Rdirction o | a0 | oso -
= e | direction
1 direction
Simulation | Simulation . . Simulation setting: New settings
eration | number Distertion {mm) o ascl | Asca| sr [ ascl | Asci] o
1st ﬂ::’:::i: 1.00 1.50 0.50 1
and || direction
direction
g oo —

Evaluation of the results:
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After calibration of the sample the actual part can be modeled using the obtained coefficient,. Paraview or Ansys Viewer
can be used to evaluate the distortion of potential failure part based on the overall stain or accumulated stress.

Solutions for improving the final products include

0 Changing the orientation of the printing

0 Adding support to different sections to creat a more uniform temperature distribution
0 Printing a large part and using a subtracting process to cut off the extra materials

0 Etc.
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Simulation using Imported Build File:

Output files from the AM prep section can also be used for simulation in the additive print part.

ansys_additive_print
dal baseplate
[2) build_job
ﬂ part
print_file.slm

EE] support_vless

Mame
part

C] print_file.slm
support_vless

Exported files at the end of AM prep

The zip file contains the build files for the simulation

Import Build File

@
Parts
Select Build File
=
Bt ¥
noose Fie | No e
ire
{ « '
ac
= o pdSen e port
Provide Buik o Gl baneplet
L B
B Ceives s

Import eh .zip file for the built

39




Import Build File

Salect Build File

Chocss File | aniyi_sotires priotlp o

Provide Build File Description

Haame
Desscription

Bugii] File Type

1T

It will take a couple of minutes to load the file completely

YipeBuildFile
Oetaty
Status

Buic Fie Spechicacon

Supports

Select the preview support to see the created support

From here the only difference in the simulation is to
select the build file instead of part.

Draft Simulations

) _ Additive Print
Calibtati = Assumea Strain
Modified: Ju Scan Pattemn

Themmal Strain

_ Additive Science
Calibtati Single Bead
Modified: Ju Porosity

Thermnal History m
Microstructure

TSETRITY SHCIR

Sy il

Awvailabdy Budd Files

[y [— T, R8P
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Geometry Selection

Pipailaial e m

Supports

Simutate Wih Suppors

__! Generale OplimiZed Suppons

Since supports are already in the build file there is no
need to optimize them.

Material Configuration

Select the material and stress model

41




42




Ansys AM Workbench:

Includes all features of the AM in the Workbench environment which enables physics-based geometry optimization,
thermal and mechanical simulation of the build procedure and parametric study, nonlinear and temperature-dependent
properties, and parallel processing

These simulations are intended to answer the following questions:

If AM is capable of building the part, how much the distortion would be and what we can do to make it better. How the
build orientation would affect the quality of the part and what is the effect of supports?

Ansys AM in the workbench focuses on the Macroscale simulation using a lumped layer model with an average accuracy
of around ~5%, it is intended to be fast and focused on industrial procedures.

Ansys uses the birth/death element technique (Active and deactivate elements) to run the lumped layer simulation

Thermos -mechanical modeling:

To run the thermo-mechanical analysis Ansys uses a weak coupling approach. Simulation is done for the whole layer and
not by following the laser path. The thermal effect is considered in the building direction and several powder layers are
lumped together. The non-melting materials are not being modeled. Also, Ansys uses power by temperature instead of
averaged power during the time. This approach results in closer maximum time but does not conform to the physical time
for the printing. Calibration of the material is also an important part of the simulation procedure in Ansys Workbench AM.
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Model Calibration (none themal):

Same geometry and support can be used for the calibration of Materials in the AM Workbench

Part and support for the calibration parts

Open Spaceclaim and drag/drop the .stl file into it, or
you can import the part.

Select all faces right-click and select merge faces to
create a solid part

“ D

P o

o B o s i , Create a printing desk geometry under the calibration
; ' part
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v C
¥ ¥ Geometry
Z.Geometty v 4

Geometry

\I3 -Geomew

Static RKructural

Drag and drop Static Structural block on the geometry
to link them together

7 Static Structural

e =

Geometry

4§ Model
5 ﬁ Setup
Solution
@ Results

o) on) | o) | T | <

Static Structural

™ Sodsioreh. <
[l AdStee Manfacasmg Metera ] o
B Gooretarcsl Materon o
) Compone rerserae -
[, «

proves “

Goowr ol matersl &
ronm

Adstm marntactrry
v e Amrry
G e materel
P S

Mt s
G o o el 5
ra

ook cew e et Coe et of " sz
e Rl

® T neteoc tescty

% T perear hovoox rerdeng

Double clink on the materials
Go to the Additive manufacturing

Add the Ti-6Al-4v to the project

45




A —

B || - wis
A " eeee

D L] Qrwt = D g i
Brws St  Cam t \>=
Ouen e

O *80x

e

[ O e

e

S Nwnetiovnne T Womagei E o
U aw Citanmen T iovten fon a = L o
M St L Beense ™ S D

—

W C0QARKAQA W \Ma-TTRDDABOR VT

LI [ B Mot rahst \As b A bcbann s Bt
PRl o e ot e b
D A - - Cnpne . g S Snetsovmas T W om——p = E - L 1]
Bl Qrot = D L aw T e ] ~ o
Aiwn gherr  Cam b Ao s R L L. L el o D
Onene . e

*ISK QAP ER LT HQARAR I\ M- TTRDDADDN T N

O +dox e U

Ty =y e vy E—

4 - - smpane . g I e W om—g = E . L Y]

Bl Qe 7 Dwne i o . ) - o

et Sghore | Com ol Mt LD Beense ™ SN Ds
[ —

S0 QARRR M \MA-TTRDDRDON VTN

After opening the Ansys Structural (which has the AM
tool inside) check the unit and make sure it is correct

e *+30

Drstment Mane
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Assign the materials to calibration geometry

The material of the base plate also should be specified
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Activate the AM process in Ansys Modeling which
activates the AM process
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Assign the base plate and build geometry

Click on sequence and add user setup

This user step will be use in the cutoff process
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Go back to the geometry and Build Setting
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I Goomewy ooy

process we had before and its typical values is between
[0.1-2]

Here strain is not calculated based on the material
property and thermal load but based on the on the SSF:

Epsilon = SSF* Sigma_yeil/lE

Select the body
Select Cartesian mesh
Select voxelization yes

Set the element size to 0.5mm
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Set the base plate mesh sizing to 10mm

P e S—

e e £ @M m -
caah e gt et

Right-click on the mesh and generate the mesh
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Suppress the automatic contact region created during

the exporting and create a build-to-based contact in the
AM process part
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Make sure the contact creating is done correctly

Right-click on the name selection > insert name

Ly e selection and rename it to cutoff

= Generate Mamed Selechont
R A R impart Setections from COB fée

" X bete
'+ Pemame ”

ow ASnotatons L Group AN Semtar Chddren

B &8 Named Selections
B Buld Contact Blement Faces
B Base Contact Blement Faces

X cutoff
& [ Static Structural (05)
sHH Analysis Settings .
SR ] Solution (06) L Change the scoping method to the worksheet
Details of “cutoff* * 20X

|~

In the worksheet add the necessary filters for the
element selection and generate them
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Add a fixed support to the static structural part

Add birth and death of the element to the static
structural

Change the scoping to the name selection
Select the cutoff

For step one keep alive and for step 2 change it to dead

Sentext
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te | My Computer . g AP
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Change the scoping to the name selection
Select the cutoff

For step one keep alive and for step 2 change it to dead
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Before and after cutoff deformation
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Equivalent stress before and after cutoff
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Calibration of the Strain Scaling Factor:

After preparing the geometry setup we need to optimize the scaling factor to optimize the deformation to match the real
test build. So the question to answer would be what value of the SSF would result in the best match between the
numerical simulation and build. We would do this by parametrizing the SSF and optimizing it using Ansys optimization

tools
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Parametrize the SSF in the Build Setting
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Choose node selection > select one of the nodes nod on
the edge with maximum z deflection. > Click and choose
Create Name selection

Select the shown options and OK to select all of the nodes
on the edge
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Create parametrized outlet values using Directional
Deformation in Z, name selection of the edge, and
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Suppiriied Ma
= | Results
Elinimum
[N
By this a parameter set block will be created by Ansys
v C v [+] .. f
: N T S skl containing both SSF and Averaged Z deformation
2 B ceomery v 2 @ EngreeringData v
Geometry 3 . Geometry V4
419 Mode v &
S @ sewp ’ 4
6 @ sokton P 4
7 @ Resits F,

—> & (5) parameters .

Ratic SKructural

A 8 c 13
1 | o I P ameter Hame [ e [ |
2 = I Paraseters

1 | B [ Stk Sruchea DY)

4 L M Busld Setings Siran Scalng Fache | L |

= | "P i "

§ | E OuutFaamelers

7 & [ Stanc Swuchersl (D1)

] pd P2 r;ubmdﬂ:fmmbon.iw? » mm
- T FJ P |

0 | Chats |

54




@ e
8 Wy i weery -
B 2onKe0 Mey eoe S——

-t

-
SR >

O -

o

§ W sk

3 D teeitr

LR SIS

. e s

G~ e

Now we need to connect optimization block to the
parametric set by drag and drop it into the workspace
under the parametric block
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Check the unit in the workbench and make sure it is
consistent with the simulation
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Double click on the optimization
Set up the optimization parameters (Refer to the

optimization documentation in Ansys for more details
about the methods and parameters.

a) Sett the optimizat
b)  Set the target and range for the input parameters
c) Right click on the optimization tab and run it

d)  Wait for the end of optimization process

Optimized value for the SSF
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Model Calibration (Thermo -Mechanical)

To achieve an accurate simulation in AnsysWB we need to calibrate the Thermal Strain Scaling Factor (TSSF). Numerical
simulation will be calibrated against the sample model 3D printed using the following parameters:

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) 800
Hatch Distance (mm) 0.12
Stripe Length (mm) 10
Starting Angle (°) 45
Rotation Angle (°) 67
Energy Density (J/Jmm3) 61
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This calibration procedure is using the Thermal-Structural simulation and is different from the previous calibration which
was not considering the thermal part of the simulation (in previous calibration method the materials property and the

thermal load has not been considered).
kkkkhkkkhkhkhhkkhkhhkhhhhkhhhhhkrhhhrkriid
Calibration can be done for both

SSF = Strain Scaling Factor

ASC = Anisotropic Strain Coefficient

kkkkkkkkkkkkkkkkkkkkkhkkkhkkkhkkkkkkk

Geometry and the dimension which will be used for the
TSSF calibration
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Create a coupled AB LPBF thermal-structural simulation
block

Import the calibration geometry into the geometry block of
the thermal simulation column
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Owiars  [[selection information . Report Prew

: Workinert Keyframe Bﬁhﬁ'(’lﬂ" S8 Une Converter El ey astignm
Unit Sytems

Metric fm, k. N5, V, &) —  [EIChpbosd~ [Empty] 1

Matric [om, g One, LV, A

Metric imm, kg, N, . mV, mA)
Set the units to this base system.

US. Customary (1, e, &4, °F, 5, V, A
U5, Contomary bn, om, 24, °F, 4, V. A)

Lunch the model in the transient thermal block and set the
correct unit

m teps theough part and tupport identfication, m
W cendtions, mnd anclf opticas. Completion of th

._.j.. The LPSF Process Add-on smpifies the setup of
=

(1) Press F1 for help.

Use the setup wizard instead of calibration you are
creating the setup for the first time
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Select the build geometry
No support for this build

Create the build plate

If needed you can also specify the powder bed geometry
to study the effect of that

Select Next

LPBF Setup Wiz /ANSys | acr

Generate Mesh

Mesh Tipe Canesian v
Dot Blement Sce 0s o
Prajection Facku 0

B3se Oemant S0 25 -
Genacate Wash Yes A

Butd jo Base Contat Ge Yor

Specify the mesh parameters for the part and build plate

"\ 5] LPBF Setup Wi: /ANsSys / ac:
202381

Assmumemls

* Matenal Assignment

DSaess Inconel 718 -
BaseMatenal  inconet 718 v
tioskoaa ESect Yoy -

Specify the material for the part and build plate
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-j: LPBF Setup Wizard

Define Build Setings
PSR S iRy Mg -
el Semngl e Enley Maraally -
* Machine Sattings
Deposion Thickness | 008 mm
Hatch Sgpacing A mm
Scan Speed [ maTvs
Tirre Betwien Lavers 1 s
Cravii Toms Mol fleli 1q

Heember of Hagl Saees | 1
* Bukd Conditions

Specify the build options

Click Next
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LPBF Setup Wizard /ANSys . acr

Defre Boundary Conddions and Comstrants
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* Geometry
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Select the thermal and structural boundary condition and
temperature value

Next
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B/ Mesh
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'@ Base Saing
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- XD Measurediine
= [ Transient Thermal (AS)
+HA Analysis Settings
P} Buid Boundary Condition
/@ Cooldown Boundary Conditon
= & Solution (A6)
8- 25 Solution Information
') Temperature

+*3lOx

/@ Temperature - Global Maximum
Q Temperature - Global Minimum

@) Temperature
= [ Static Structural (B5)
HH Analysis Settings
/P Fixed Boundary Condition
) Imported Load (46)
= & Solution (86)
2 P Al itan Tnfrematinn

Details of "Measuredline™
: Scope
' S(Lobmq Method [ Geometry Selection
Geometry [No selection
== 2] Lol Nmacianl s
Send to Solver | ves
Protected | Program Controlled
Visible [ves

:P(oqiam Controlled Infiation Exclude
- w‘ ' ’
Type Manual
| Total Selection I No Selection

v

~ 80X

Q

In the name selection create name selection and rename it
to MeasuredLine
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Dutline *3Ox

Name v |Sesrch Outline |V

B/ Mesh ~

™ Buid_and_Support Cartesian
,/9 Base Sang
Bl AMProcess
B N Named Selections
@ Buid_Sody
@ Baze
8 Buid_and_Support
B Buld Contact Element Faces
B Base Contact Blement Faces
- @) Measuredine
= [ Transient Thermal (AS)
+HA Analysis Settings

HH Analysis Settings
/P Fixed Boundary Condition
) Imported Load (46)

= & Solution (86)

D Chl e Tnfrematinn b
Details of "MeasuredLine” *ioOx

i Scope 2
| Scoping Method Geometry Selection
Geometry [No Selection

Send to Solver | ves
Protected | Program Controlled
Visible [ves
[ Pfdb;im Controlled Inflation Ttxaude
'l’ybe Manual
| Tatal Selection No Selection

Q

Change the scoping to the worksheet
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Create a measurement line with right click and add the
filters as shown

QA @e& % C--Q [ Wod
LPBF Sel /\nsys / aer

Set Up Callbration
Set up Calbration Yes -

* Node Measurement Location
ScopingMened Namwed Seled v
Named Selecton  UeasurecLine ¥

Deformation Dire X b
Calineason Defoe Max -
CaioawonType  SSF -
TG EXP Dufor . 0.449 men

Back to the wizard, change the calibration setup to yes

Specify the created line for the measurement

Select the SSF for the target and expected deformation

Click Finish
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AM LPEF Structural

Ansys adds the direction optimization to the simulation
setup

Right click on the optimization and select update
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Coupled Thermo-Mechanical Analysis using AM-WB

Coupled thermo-mechanical simulation of the Power Bed Fusion for Inconel 718 material with. stl support with the support
removal step.

Thermo-Mechanical Simulation of the part

To run this simulation we need the geometry of the part
and base plate as well as the support .stl file

v A v ) For the simulation add the transient thermal solver to the
W L Tarse: Thermal 1 R workbench and drag the static structural on that to couple
2 @ EgewrgDms v ,———u2 & EgregDm < , both analyses
3 P Gorey ? a3 P Gomay ? .
4 P rod Vg4 P Mol ¥ 4
5 @ seo P o5 @ s=o L P
6 § Soon : P 6 § Soxon ¥ 3P
7 ® Rats P 7 P Reus ¥ 4 - ;
Add the Inconel 718 from additive manufacturing to the
Trangert Therma Statc Structun

Engineering Data of the transient thermal block
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Assign Inconel 718 to both part and plate
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Select the layered tetrahedrons with 2mm height and Omm
start layer for the part

2mm layer thickness is larger than usual and mesh size
should be about 10-20 times of the deposition layer,
0.05mm*10-20 ~ 0.5mm-1mm but this speeds up the
simulation, for now,

35 Global Coordinate System
] Connections
SR
o Layered Tetrahedrons
13':' AM Process
[# Transient Thermal (A5)
#Teo Initial Temperature
Bl Analysis Sattings
i=-9/% Solution (A6)
#-4f5) Solution Information
E-5[: Static Structural (B5)
~HH Analysis Settings
3} Imported Load (A6)
=& Solution (B5)
#T) Solution Information

£
&

< >
Details of “Mesh” *QlOx
-Z.D'iﬂllu'ly' }

| Display Style | Use Geometry Setting
= Defaults

: Physics Preference | Mechanical
Element Order 'Pranam Controlled
2.25 mm

+ Sizing

% Quality

4_'.lnl'lali-nn

& Advanced

+| Statistics

Me:

Set the element size to 2.25mm which let the mesh size to
be up to 2.25 in any other directions except in z-direction
so help in the mesh count number and computation
procedure




For the base plate select the 6mm sizing setup

Generate the mesh
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Click on the AM Process from the tree
Go to the AM support tab

Select insert STL support

Ty e vrv—
7 Ghobal Comrdrae Suvien

A Cwvecrrs

T e

o et et sedoy
W Doty S

P4 ™ ocem

P B Setren
TR Seoot G

Dwtaly of “STL Suppont

- ope
R

Lengts Unts
oo Memod
Crcmery

| Defemon
Mondraw (Mot

LT
Vb rengie Late

- Cwpley
e om

lecmee

| Sody

.

Y

-w1u-,

x
Lok [T OM 2 ~2on-
* Peame Dete moddes Ype
o g Lmwns anch your sath,
=
Tt
"~
v ares
iz
Tha 7C
o b
< >
Fle e i - et |
B R . I S

Add the STL support file to the model
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Right click on the STL support and generate mesh for that
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Adding connection between different sections:

select AM Process from the tree

select the Base to Build button in the Contact

contact will be created and connection names will be
added to the named selection
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support-to-part connection or AM Bond:

1)Right-click the STL Support and Create Named
Selection of Generated Elements.

2) Select the build body, right-click and select the name
selection, and name it build
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3) Add and AM bond to the tree with support and build
parts
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To define AM Process Steps select the Sequence from the
Am process tab

By default, we have the build and cool down setups

The removal of the support from the base need to be
added to the structural part
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4§ /<P Mesh
B9 AM Process
2:A: Buid Settings
22 Suppoet Group
/88 ST Support
B & Named Selections
B Buid Contact Element Faces
B Base Contact Element Faces
B STL Support
«B buid
=9 Transient Thermal (AS)
<8 Analysis Settings
= 2% Solution (A6)
@25 Solution Information
= ol Static Structural (BS)
<HA Analysis Settings
5} Imported Load (AS)
= & Solution (86)
% Soktian Tnfarmation

Details of "Build Settings”
- Simulation Settings
aAdd'mve Process Laser Powder Bed Fusion
Inherent Strain | No
Layer Height Program Controlled
- | Calibration Settings
=> | Thermal Strain Scaling Factor 1.
- Machine Settings
- _ Hatch Spacing 0. mm
—~ | Deposition Thickness 0. mm
- | 7Sc9n Speed _o. npnv;
Dwell Time 0.5
( Dwell Time Multiple 1.
Number of Heat Sources 1
= Build Conditions
| Preheat Temperature ‘Undefined
Gas/Powder Yemperatu}e 'Use Preheat Temperature
Gas Convection Coetf 0. W/mm*.*C
Powder Convection Coeff 0. W/mm.*C
Powder Property Factor 11,6002
= Cooldown Conditions
Room Temperature 22.°C
Gas/Powder Temperature Use Room Temperature
Gas Convection Coeff 0. W/mm**C '
Powder Convection Coeff 0. W/mmi.“C

v

v 3 Ox

To define Build Settings, we will use the Ansys-supplied
sample file of settings for Inconel 718 but all of the
parameters can be defined in the Building Settings tab
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1 Project* PN
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@ @ Geometry tmports
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Right-click Build Settings and load the
"Generic_Inconel_625 or_718" from
Inc\v211\aisol\DesignSpace\DSPages\SampleData

\AdditiveManufacturing).
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Look at the build parameters, more details about he build
parameters can be find in Ansys help
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