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Simulating Manufacturing

Q :
simufact e

MSC A Software: Company

Simulating manufacturing - the manufacturing division of MSC A Software:

¢

Hamburg

& more than 20 years of experience
& more than 70 experts
4 more than 700 customers

simufact forming simufact additive simufact welding
Forming Simulation Welding Simulation

& 0 & =

Sheet Metal Mechanical Electron

Cold Forming Hot Forging S Joining Powder Bed Fusion Arc Welding Laser Beam Beam

8 & = = B

Open Die Heat Resistanc;e
Forging Treatment Spot Welding

Rolling Ring Rolling Brazing Stress Relief ~ Metal Deposition

& Supporting the optimization of metal-based manufacturing processes
€ Manufacturing-oriented process simulation

& Special adapted SF-MARC non-linear finite element solver technology based on MSC MARC
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What‘s new? — Highlights

& Support optimization with respect to distortion
minimization and support volume reduction

& Calibration with user-defined geometry and settings
& Spatially dependent inherent strains

& Mapping to tet/hex mesh for UNV export

& Updated solver based on MSC Marc 2018

& Many improvements in usability & stability

simufact additive

$

Implemented development tasks 243

Bug

Feature

127

116

ring gmbh
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Support optimization simufact additive e

4 One of the most challenging tasks during the build
preparation is to find the optimal support structures

® Supports are mainly created based on geometric properties - -( i !
like angle, overhang distance etc.

Manufacturing & optmization Optimization

® They act like anchors and hold the geometry in position /| Optimizstion : £ Ditotion comnenion
during the build stage 'gg;j“d e
& Thus there is potential to optimize the support structures B cuting

automatically with respect to: 8 sopport remora
# Reducing the support volume and therefore costs
& Reducing the distortions of the geometry
# Find supports that are optimal suited for the acting
mechanical loads

Copyright © simufact engineering gmbh
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Support optimization

& The support optimization is integrated as a fully automatic
solution and takes the loads during the build stage into
account
& The optimization is done in two steps:
& Simulate the part without supports to determine the
mechanical loads
& Optimize the supports with respect to the mechanical
loads from the previous process and perform the
simulation

€ The minimum support radius as well as the minimum
volume fraction can be used to control how and where
supports should be created

# In addition to the optimized supports, the angle-based
supports can be added as well if needed

simufact additive

‘% Support optimization - Properties >

Menu

Esuport optimization

Angle based supports

Support optimization parameters

{ Min. supportradius: |0.1 m

Min. volume fraction: |10.0 CTA
M Keep support radius constant

B Create additional angle based supports

Brief description (hold Ctrl key to lodk) ———

+
¥

$
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Support optimization simufact additive e

& Two different methods are available for the support
optimization:
& Change the support radius according to the mechanical
loads (default)
& Change the number of supports for a defined area
according to the mechanical loads

Method 1 Method 2
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User-defined calibration — mechanical simufact additive e

4 The mechanical calibration process is essential for accurate
results in the simulation
& Thus the workflow was completely re-designed to allow a
better user experience
# For a fast and easy mechanical calibration everything
needed is pre-defined in the GUI:

# Single cantilever geometry

& Uniform & isotropic inherent strains

€ Measuring point

& Cutting stage

.
‘% Process properties - Process-1

Properties

D Process type:  Metal powder bed fusion ™

AM machine

© Machine - ¥

Simula

. Thermal . Thermomechanical

0 Calibration
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User-defined calibration — mechanical simufact additive e

# Inherent strains are by default uniform and isotropic — most
simple case!

4 For more advanced purposes the strains can be changed to ~LREET -
orthotropic and distributed (depending on the location on the ome: 3¢ Buparaneter v Yo lbrary: o B
base plate) P pera el P —
¢ It can be saved if the scanning pattern was rotated during Laer thidnecs: (009 | mm | (M Used rotation during manfactiring
manufacturing of the cantilever e 88
& Has no influence on the calibration ‘Em“l” 2 oo B D) [
& Allows a more simple workflow for the normal build
simulation
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User-defined calibration — mechanical simufact additive e

€ One measuring point is pre-defined when creating a
calibration process
€ More calibration points can be added

Part (0,159, 0,125, 0.00%): 2.5 mm

=] Process-1 - Calibration [0.00 %] E .,

Euu_mm

Manufacturing & optimization

E‘ Build
B Cutting-X

£ Build - Properties

Copyright © simufact engineering gmbh




User-defined calibration — mechanical simufact additive e

& One cutting stage pre-defined in X direction

Manufacturing & optimization Cutting—)( - Propertie: 5 J‘

B sta ges

) General parameters —— — o Comment
E Build Mode:  Arbitrary cutting ¥
Ei Cutting X Height: Constant ™ |2.5 mm v

Width:  Manual * |20.0 mm ¥

W cut free from base plate

Start point: X: |165 Y: [135 mm v Add timestamp %
Cutting direction
. End point: mm ¥
O Direction: X: |-1000 ¥: |0 mm ¥ Length: |65.5 mm ¥

. Angle: o w — [
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User-defined calibration — mechanical simufact additive e

Summary mechanical calibration

& The new standard calibration was designed to achieve a better understanding of the minimum
needed parameters

# No rotation of the strains during calibration. If scan patterns rotate this is implicitly included in the
calibrated inherent strains. Rotation is only an information that is saved in the database.

& If the calibration has been performed without rotation of the scan pattern, a rotation can be defined
in a later manufacturing simulation. If the calibration has been performed with rotation of the scan
pattern, the rotation should not be used in later manufacturing simulation — as it is already implicitly
included in the calibrated strain.
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User-defined calibration — thermal simufact additive e

# Thermal processes are now also available for calibration S A T R
@ For a thermal process calibration the maximum peak JasiEEl e s
temperature is calibrated by changing the exposure energy Type of simulation

fraction @ Manufacturing O calibration

Part (0.159, 0.125, 0.009): 999.0 °C

Database

Menu

. A7 . I
Calibration parameters Name: 2% BuildParameters v % Lbrary: < e

{Build parameters
Thermal parameters
Post build parameters Power: 200.0 w ¥ Speed: 1000.0 mm/s

) Parameters of single laser

Effidency: |50.0 % Y Beam width: (0.1 mm

Layer parameters ——m—sn—eeeee
Layer thickness: |0.03

Calibration parameters ——mmmm——————— . Comment Scan rate: 2.1e9 Estimation ,

{Calibration parameters i | Part | Measuring point [mm] T_max target 4"
Build parameters F""!-F"Ip %
Thermal parameters

Post build parameters

Recoater time: |10.0

Heat flux parameters

Exposure time: Automatic ¥

- i Exposure energy fraction: Automatic ¥
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User-defined calibration — thermomechanical simufact additive e

Simulation configuration

4 Thermomechanical processes are now also available for | A
' Mechanical ‘ Thermal o Thermomechanical

calibration
& For a thermomechanical process calibration the maximum Z Type of simulation
deformation is calibrated by changing the volumetric @ Manufacturing O calibration

expansion factor

> Build - Properties
Menu

. 4 S .Y
Calibration parameters Name: 2% BuidParameters v % Lbrary: o e

Part (0.159, 0.125, 0.009): 2.5 mm

Database

{Build parameters
Thermal parameters
Post build parameters Power:  [200.0 | w Y  Speed: 1000.0 | mm/s

\ Parameters of single laser

Effidency: |50.0 % v Beam width: |0.1

Layer parameters

Layer thickness: |0.03
( — " Scan rate: 2.1e-9 Estimation
<> Build - Propertie -

Recoater time: |10.0

ey Calibration parame ters =

Calibration parameters Part | Measuring point [mm] z_max target -,
Build parameters \ 2.5 mm = %
Thermal parameters .

Post build parameters

Heat flux parameters

Exposure time: Automatic ¥
Exposure energy fraction: Automatic ¥

. §o Volumetric expansion factor: v
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User-defined calibration simufact additive e

Summary calibration

& Besides the new workflow the user has the following new capabilities
for calibration:
& Calibration for mechanical, thermal and thermomechanical
processes
& Import one or multiple geometries = Also includes positioning
& Use support structures
& Use base plate during calibration
& Define multiple measuring points
& Define orthotropic inherent strains
# Define spatially dependent inherent strains
& Use multiple cutting stages (This is also valid for manufacturing
simulation!)
& Use a free size for the voxel mesh

=>» The new calibration behaves identically to a standard manufacturing
simulation during process setup
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Spatially dependent inherent strains simufact additive e

& The inherent strains can have different values with respect
to the position of the part on the base plate and height
# Reasons can be for instance:
# Overlapping scanning areas for multi-laser machines
# Slightly defocused laser at base plate edges

& With the current release Simufact Additive can capture these
effects during the mechanical build simulation

® The inherent strains can be defined uniformly as in previous
versions or spatially dependent

& The strains can be defined manually, per CSV import or using
the calibration for spatially dependent inherent strains

# This allows to get more accurate results for fully nested base
plates and build spaces with the fast approach of the
mechanical build simulation

Copyright © simufact engineering gmbh




Spatially dependent inherent strains

& Define or load from database matrix of local inherent strains

to be used in the simulation

& Calibrated local inherent strains can reflect different position-
dependent conditions in the build space
® Local inherent strains used in the build simulation can be

dependentinx, y and z

_‘IDDBr 0.002, 0.03 : i,
‘}v ;, ] (;f\

simufact additive

(-0.005, -0.005, 0.0

T 7
e

(-0.008, -0.003, -0.03)

7
<3 Build - Properties

Database

Name: *{ BuildParameters ~ 9 Lbrary: 'f i

mm ¥ Rotation parameters,

mm ¥

o
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Spatially dependent inherent strains

(-0.008, 40.003, -2.0Z)

(-0.007, -0.0065, -0.03)

(-0.006, -0.002, -0.03)

(-0.008, -0.003, -0.03)

4(-0.007, -0.005, -0.03)

5~

Menu

Build parameters

Post build parameters

Example

Database

Name: * BuildParameters

Layer parameters
Layer thickness: 0.03

Scan width: [1X1]

simufact additive

v o Lbrary: == &

Rotation parameters

Inherent straing ———————————————————

Distribution: Distributed ~

M Z coordinate depency

Coordinates (xy) [mm] | Inherent strains (_xx, £ _yy, £ zz)

€ 3 x 3 equidistant matrix of inherent strains
& 1 strain for the center region, 4 strains for the sides, 4 strains
for the corners
& Spatial values will be interpolated between matrix entries

& Also non-equidistant matrices possible, also in z

$
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Mapping to tet/hex mesh for UNV export simufact additive e

Volume meshes
s . -
&9 Volumesd™ |
#in Create volume mesh
B Impoicvoiaie resn

Analysis

#h Surface mesh = #%h Volume-Bracket

fit Vouel mesh
> Volume mesh

&+ humerncarpararmeers

& UNV export of volume results is possible using volume
meshes

® Every part has a volume mesh container
4 Volume meshes can be created (tet) or imported (tet/hex)

Copyright © simufact engineering gmbh




Mapping to tet/hex mesh for UNV export simufact additive

UMV export X

— u International system of units (SI system) ™

] & Part-Bracket Xparte valles at: b
] Triangles h
)

& job is finished based on time [100.00 %] B ‘& .

ég.:m@

Results ¥

Surface results

5L Voxel rese ;
= Uny export
& Referenc g
£ Export results

Input result informatio

: Mumber of elements: -

Result transformation

1

1 save the current settings and export the results into a directory of your choice using the current export configuration.

& The UNV export is available on the voxel results in the
results widget if a part has a volume mesh assigned
4 Part names will be shown in the UNV export dialog

Copyright © simufact engineering gmbh




Mapping to tet/hex mesh for UNV export simufact additive e

mal stress [MPa] Y — TKY v ENO0000
152015

01-horizonal-Copy-Copy - Result view

& UNYV file can be imported into 3rd-party software

ring gmbh
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Updated solver based on MSC Marc 2018 simufact additive e

& sfMarc solver updated to MSC Marc 2018
& Improved stability for cutting stages and release stages

# Increased performance = Reduction of simulation time up
to 40% compared to previous version
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Further improvements simufact additive

€3 CAD import options >

Inventor . = e
SolidWorks - - ! q; _
C AT I A Machine %

. . & Machine
U n I g rap h ICS :: . Brief description (hold Cirl key to lodk)
Creo P
STEP & Base plate

4 Import of native CAD files

# Discretization by surface meshing directly on CAD data

& Surface remeshing and volume meshing directly on CAD data
> No loss of geometry information
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Further imp

rovements

ing-bracket [CA\Users\soeren\Desktophbearing_bracket\Project\] - o x

P

& Easier and faster view control due to new camera toolbar
with main view functions

4 Camera toolbar allows synchronization of multiple views in
an easy and fast way

simufact additive

¥ View angle

v Joom

v Translation

Tirmne step

¥ Clipping planes

Result value

All legend properties

Synchronize all the time

o
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Further improvements simufact additive

"B Mew project from template. ..

B Open project...

‘B General info sheet...

%+ Opening project... '
Loading 0 1-horizonal B

Recent praojes Analveis Bl aml
1. Project

2, bearing-bracket
3. Test
4. Project-5

# A progress bar will be shown when opening a project to give
feedback to the user
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Further improvements simufact additive

‘é} Support generation - Properties st ‘% Support generation - Properties pd

General

surface angle: (80

Method: Simufact Method: Materialise

Simufact suppert generation —m8e —mm——o o0

Materialise support generation

‘ Parameters
materialise

mm
Minimum sui E area: mim 2
mim

- - innowvators you can count on Generate supports
Suppaort local minima . = =

Activate preview '

Brief description (held Ctrl key to lodk) Brief description (hold Ctrl key to lock)

& Preview for support surfaces is available to reduce the time
to find the correct support parameters

€ When activating the preview, the surfaces that need to be
supported will be shown

& Preview automatically updates when a value is changed
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Further improvements simufact additive

‘é} Support generation - Properties st ‘% Support generation - Properties pd
Geners —0o0mMm m0m—m——— General
surface angle: |80 @ Critical surface angle: |80

Method: Simufact Method: Materialise

Simufact suppert generation —mme —m m——oo Materialise support generation

Minimum surface area: 0.0 mim 2 |

Overhang distance: 0.0 mm m a te I'i a I i Se

innon ou can count on

Support radius 0.239839 mm Parameter
‘ arameters
ew

Activate p

Suppaort local minima

Brief description (hold Ctrl key to lock) ————— Brief description (hold Ctrl key to lock)

4 Implemented new Materialise APl with minor performance
improvements

4 When double-clicking on a support group without supports,
the support generation dialog will be opened
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Further improvements simufact additive

Front face color Back face color

4 Changed back face color of Materialise and shell supports
for better visualization

® The back face color was changed from black to a similar color
compared to the front face color
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Further improvements simufact additive

01-horizonal-Copy-Copy

4 Visualization of volume fraction in voxel meshing dialog
# Allows to check the mesh quality and meshing parameters
before starting the simulation

Copyright © simufact engineering gmbh




Further improvements simufact additive

‘3} Numerical parameters - Properties

- Parallelization
CQutput divisicn
02-vertical m 0 'KI H Step control

A Advanced

-._.‘!!

Analysis

e Surface mesh

Brief description {hold Ctrl key to lock)

¢ DAT file can be changed automatically after creation by using
an external program or script
& Program or script can be set in the numerical parameters
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Further improvements simufact additive

‘3} Mumerical parameters - Properties

General

Menu

" Parallelization < Total strain tensar )

Total displacement

utput divisions Standard
02-vertical [0.00 %] & Manufacturing issues
Global
‘ ﬁdv;“cea Thermal
" Solver
. Displacements
— v Strains

Equivalent elastic strain
Effective plastic strain
Effective total strain

Effective strain rate

Maximum principal total strain

'5|r||:|| |l|.1||.1

# Surface mesh

oxel mesh

Intermediate principal total strain
Murnerical parameters

Minimurn principal total strain

Brief description (hold Ctrl X tl:ItE| ;train
Y total strain
£ total strain
XY total strain
YZ total strain
X7 total strain
Stresses
oy ® - . - d

& Additional strain result values are availabe during post toads

processing

& Added optional output of total strain tensor to numerical

parameters

& Default option can be controlled via INI file

Copyright © simufact engineering gmbh




Further improvements simufact additive

<% Build - Properties *

Menu E'EItEIt'EISE _—— Comment

Build parameters Na *¢ PostBuildParameters ~ o Lbrary: +‘ i

Post build parameters

Add timestamp %

¢ Allow to remove all fixations in a single time step
& Capture the real effects more precisely
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Further improvements simufact additive

‘% Build - Properties

Datsbasg ——————————0—— Comment

S dParameters v Y Lbrary: o =

Thermal parameters

Post build parameters
1000.0 mm,z =

Seam width: |0.1 mm v

mm -
mifs ™ Estimation 1

-

Add timestamp %

4 Changed default efficiency for thermal and
thermomechanical simulations to a more suitable and realistic
value

& Old value was 50%, new value is 25%
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Further improvements simufact additive

Process [0.00 %] E

--_.!!

Machine Parts
& Machine ¢ ¥ b
& parts (1)

¢ Show part only

r . B Import
& supports ] i C
L opy
M Base plate
4 . /" Rename
$ Remove

=" Export part

& Show properties

¢ Avoid the need to import identical parts multiple times by
using the new copy part function

& Copied parts will be shifted into positive X direction but only
once
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Further improvements simufact additive

& Support the user by finding errors in the model setup by

highlighting intersections between part/support and part/base
plate

Copyright © simufact engineering gmbh




Further improvements

Simufact Additive 4.0 - Menu ‘8 .

> a =

Additive Mew project Open project
start

‘3" Analysis start
Analysis options —

0 I
[:;‘.- n Change DAT file: Edit

Start analysis

Extended start parameters

= O <O

Queue analysis
Save project Demos Material

dS. ..

&) ® 14

Monitor Info sheet Keyboard
directory shorteuts

Brief description (hold Ctrl key to lodk)

Click here for more information.

4100 ¢

¢ Allow to queue jobs using Simufact Monitor

& Simufact Monitor is included in the setup and can be opened
using the menu

€ When starting a simulation, the job can be sent to Simufact
Monitor and will be added to the queue

simufact additive

$
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Further improvements simufact additive

0 Simufact Monitor 2018 - m} X
File Help
B ¥ & XOD
Local processes etool x 0 ] ] -
[v] 01-herizonal-Cepy-1 (100.00 %) ‘Queued processes = Simufact Monitor 2018 - SEttIﬂgS x
@ 01-horizonal-Copy (100.00 %) @ 01-horizonal-Copy-1 (100.00 %) Scheduling settings
@ 03-vertical-LessSupports-Copy (100.00 %) o SpetWelding-2 (15.11 %) Menu
O support-Optimization-Variant-2 (0.34 %) B 01-horizonal-Copy-1-Copy (0.00 %) Settings [ Limit max. number of simultanecus process simulations to: 1 =
o Suppert-Optimization-Variant-1 (16.92 %) Simufact Monitor
O SpotWelding-2 (15.11 %) Process removal filter [ Limit used cores (32 available) to: 1 =
ﬁ 01-horizonal-Copy-1-Copy (0.00 %) . R
Scheduling settings Simufact Forming
Available (total)
t [] Limit number of solver licenses to be used to: 1 5 243 (250)
[] Limit number of node licenses to be used to: 1 = 15714 (15750)
Remote processe: Host name -*
= Simufact Welding
Available (total)
) [] Limit number of solver licenses to be used to: 1 = 241 (250)

(u]

= [] Limit number o f shonlearers— 1 b= 15730 {15750)
Start queue Stop queue
Brief description (hold Ctrl key to lock) —————— Simufact Additive \
Available (total)

Queue Tool A
Altention: F that use & stage control - .
o B e gre o poram conire Limit number of solver licenses to be used to: IZI 250 (250)

presses, & Simufact Forming GUI license needs to

be keptavaiible for the queue todl The queve [] Limit number of node licenses to be used to: 1 % 15750 (1575
ol nee; anen a Formina r the stane
01-horizonal-Copy-1-Copy  ~ 0.00 % Simulation not yet started. b4 @ O-2 %0~ "é = Simu - = =

Available (total)

[] Limit number of solver licenses to be used to: 1 = 250 (250)

-

4 The queue can be started in Simufact Monitor
® Settings for license scheduling allow optimal usage of
available licenses and hardware

Brief description (hold Ctrl key to lock)

Cancel
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Further improvements

‘3" Machine - Properties
Datasbasse —————————————————————————  Description

Mai © Machine v Y Lbrary: = [

General properties

Manufacturer: |simufact engineering gmbh

Machine type: |Generic
Image: Edit f Show

Build space dimensions

Z: |250 mm ¥

Shape: Rounded cormers ™  Cormer radius: |24.0 mm

200 w

ed: 7000 mm/s

& Capture the effect of multi-laser machines on the build time
for thermal and thermomechanical simulations by storing
additional information like number of lasers

& Added laser parameters and recoater times to machine

# Information will be used to validate settings in thermal and
thermomechanical build stage

& Extended machine database

Add timestamp %

simufact additive

$
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Further improvements simufact additive

£ Machine - Properties X

£ Machine - Properties s

Databas¢ ———-—4—————  Desaipton —@ @ ——@ @ Database Description

v o Lbrary: o= M g O Machine v o Lbrary: o [

al = = = -

R 120 { Build space dimensions: = g = [ i
Base ple X: 100.0 mm, Y: 100.0 mm, Z: 95.0 mm -
Shape: Corner radius: |24.0 mm
Laser pa

Number of lasers: |1

Max. laser power:
Max. laser speed:
Recoater time

Min. recoater time:

M Max. recoater time Add tmestamp B
Brief description (hold ¢

Cancel

4 Machine database can now contain and show images

® Images and the build space dimension will be shown as
tooltip when hovering the mouse briefly on the database entry
4 Images can be stored or deleted in the machine dialog
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Further improvements simufact additive

# Easier and faster definition of cutting stages by view interaction
® The cutting stage can be completely defined in the view using
known GUI elements

# Also the cutting height table can be defined in the view by adding
or removing points, setting the height of points etc.

Copyright © simufact engineering gmbh




Further improvements simufact additive

# Easier and faster positioning by multiple selection

& Multiple bodies can be selected by holding the CTRL key and
clicking with the left mouse button during positioning mode

& All translations and rotations will be applied to the selected
bodies

Copyright © simufact engineering gmbh




Further improvements simufact additive

Manual positioning IManual positioning
Transformation

¢ ¢ & @

Translation

Transformation
¢ ¢ ¢ @

Translation

z ¥ |17.349

v |00

B Stepping

B Stepping

M Automatic centering of part M Automatic centering of part

& More flexibility by using ,,Redo” during positioning mode

& Compare different positions easy and fast

4 The currently selected button is highlighted when clicking in
the input field to identify which direction will be used when
hitting enter
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Further improvements

4 Simufact Additive 4.0 (dev] - Project: bearing-bracket [C:\Users\soeren\ Desktop\bearing_bracket\Projecti] - o X

Total displacement [mm]

I=] jobis finished based on time [100.00%] B ‘& .

EEEED

max 247
min: 0.00

01-horizonal-Copy - Result view

100.0 ortremovall

‘ A Use shape comparizson to avoid misleading results due to rotation after cutting

¢ Added warning message for result value displacements if the
currently shown time step is after cutting

€ Warning informs the user that displacement results after
cutting might be misleading due to large displacements and
rotations of the part (rigid body modes)

® Use shape comparison to avoid these effects

simufact additive
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Further improvements simufact additive

& Geometries can be imported even if they are outside the
machine space or do not fit in the machine space to avoid
unusual workflows

4 Red machine walls indicate that at least one geometry is not
inside the machine space

Copyright © simufact engineering gmbh




Further improvements simufact additive

Orientation assistant

Favourable

Unfavourable

-
mm ¥

Support parameter

MName Weigh Selected value

Support area

¢ Error handling was added to orientation assistant if a
criterion could not be calculated (to avoid misinterpretation)

Copyright © simufact engineering gmbh




Further improvements

=] job is finished based on time [100.00 %] B a8 4

H'w'“ﬂmmmmf -- — “II @
Q}
EENF uEN
Surfaces :
Surface

rface results

results to part surface mesh

i Map results to base plate surface mesh
x LNV export
£ Export results
Result transformation

*® Shape comparison

& Surface results for base plate can be mapped
# This allows a smooth and good-looking view on the results
# Base plate can be surface-meshed

simufact additive

$
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Further improvements simufact additive

‘% MNurnerical parameters - Properties X

o

5: Manual v |13 a {experimental)

Brief description (hald Ctrl key

01-horizonal-Copy-1 - Result view
7.69231 % (AM_Layer 1)

4 Reduction of simulation time by activation of multiple layers
per time step

& Default is one voxel layer per time step

# Supported in mechanical, thermal and thermomechanical
simulations

# This feature is experimental. Thus it cannot be guaranteed
that every possible constellation of options is available and
works.
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Further improvements

‘% Murnerical parameters - Properties X

Build stage

' Parallelization

Brief description (hold Ctrl key to lodk)

4 Reduction of simulation time by performing mechanical
coupling steps only at the end of the layer

& Default is performing 4 coupling steps per layer, new option
reduces to 1 coupling step

# Supported only in thermomechanical simulations

# This feature is experimental. Thus it cannot be guaranteed
that every possible constellation of options is available and
works.

simufact additive

$
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Further improvements simufact additive

Machine

&) Machine

& pars (1)

& supports (9)
B TiAIGV4_powder

#% Base plate

4 Improved order within machine widget

& The new order shows that the material in the machine widget
is not applied to the base plate

# Base plate material is defined in the base plate properties
dialog

# Also the base plate is not necessarily needed for mechanical
simulations
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Further improvements

¢ Show group only

Add group

¥ Import ¢ Show group only
Rename
Rermowve

Show properties

e Export support structures

‘ & Configure

# Distinguish between ,,Show properties” and ,,Configure” to
clearly show what can be done in the corresponding dialog

® ,Configure” for unlocked processes

& ,,Show properties” for locked processes

i Export support structures

simufact additive
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Further improvements simufact additive

4% Simufact Additive *

The analysis cannot be started!

The following 1 file(s) could not be written to the working directory of the
process:

- 01-horizonal-Copy.dat

The analysis could not be started because no changes were made for the current
process since the last analysis was completed.

4 When a process is unlocked and started again without any
changes, an error will be shown stating that no changes were
made and the simulation will not be started
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Further improvements simufact additive

€2 Simufact Additive - Settings X

Language ————

4 General Language: %
. §Settin gs |

" Setup options

' Environment

" Master library

A Result values

" Color legends

' Legend assignment

Brief description (hold Cirl key to lodk)

4 Reduces the need to configure CSV options for every single
export

& Added global options for CSV export as well as clipboard
export
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Further improvements

‘% Create color legend

Colors: IEH R

Color  Limit [-] Optional text

Brief description (hold Ctrl key to lock)

4 The limit of user-defined color legends can be set during
definition

& Avoid the need to set the limits every time manually in the
result view

Distribution

Uniform distribution

= Limits

Automatic {per increm

simufact additive

$
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Further improvements simufact additive

<@l Surface deviation [mm]

Part: Part-Bracket

Transformation ——————

Initial shape

4 Renamed result value ,,shape comparison” to ,,surface
deviation” as it is the same result value

® This makes it more clear what is actually calculated

& Surface deviation is now calculated based on nodal distances
and not on element distances anymore. This method shows
more reasonable results.
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Further improvements simufact additive

Shape comparison
Part: Part

Transformation

r r o e

Best fit geometries

Reference: Initial shape ™

Visualization

e
2

¢ Improved design of shape comparison dialog to allow faster
switching of part to be positioned

# Clearer naming of GUI elements so that support of multiple
parts can be seen directly
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Further improvements simufact additive

"v} Build - Properties

Menu oatsbgze ———-——
Build parameters Name: ¥ Tialsv4-200w ~ o Library: +— e

Post build parameters

mm ¥ Rotation parametersy
mm Start angle dg: 57.0|

Incremental angle Aa: |-10.0

¢ Allow negative input for start angle and incremental angle
for mechanical simulations
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Further improvements simufact additive

& Properties for Mew_Material - m} X
Menu Only for information [ not used for simulation Figures
General properties Type of powder: |Tn3nium alloy powder |

Chemical composition
Powder characterization
Thermal properties
Mechanical properties
Flow curves

Anisotropy

Damage
Electromagnetic properties
Microstructure

Phase transformation
Diffusion

Creep

Data sheet

Average grain size: |3U.U ‘ pm

Grain size nominal range: |ZD.D ‘ pm v

Marpholog

Brief description (hold Ctrl key to lock)

S0D

oK Cancel

& Added page in Simufact Material to document powder
properties including upload of pictures
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Further improvements

simufact additive

$

° Properties

Menu

General properties
Chemical composition
Powder characterization
Thermal properties
Mechanical properties
Flow curves
Anisotropy

Damage

Microstructure
Phase transformation
Diffusion

Creep

Data sheet

Electromagnetic properties

Thermal properties

Parameter Type

Thermal conductivity: Table ~
Specific heat capacity: Table ~
Dissipation factor: Constant ~ ~

Latent heat:

Constantvalues ———————— Tables

Constant value not used. Show table

Constant value not used. Show table
Create table

Solidus temperature:

Melting temperature:

1481.69 °C ~

‘. Evaporation temperature:

Latent heat for melting:

" Latent heat for evaporation:
Only use:

Acl temperature:

Ac3 temperature:

Brief description (hold Ctrl key to lock)

OK Cancel

o x
(&)
(%)
O

& Added additional latent heat for evaporation to cover the
physical effects and prevent an overheating in thermal and

thermomechanical simulations
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Further improvements simufact additive

Process [0.00 26]

--_g_

Machine

W Machine & pag
¢ Hide part

=1 E .,

--_.!!

Machine Parts

&) Machine & part

& pans m > & Show part only
# Show part only

B Import
Eg |:|:|F|'_-'r
" Rename

Remove

B Import
/ Rename

Remove

:'-: Export part :.-: Export part

2 Show properties B Show properties

4 Removed duplicate functions for showing and hiding
geometries from context menu in main widget

& Geometries can only be shown and hidden using the blue eye
icon
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Further improvements simufact additive

Menu

Parallelization : ‘ardiso Direct Sparse ™ Advanced
Qutput divisions

Output results

Step control

4 Advanced

02-vertical [0.00 %] ]

-._.‘!!

'5|r||:|| |l|.1||.1

# Surface mesh

oxel mesh

Murnerical parameters

ation will increase but the simulation time will alzo
increase.

¢ Improved reproducibility for highly sensitive simulations
using Pardiso solver

& The numerical reproducibility for highly sensitive simulation
using the Pardiso solver can be improved by activating the
corresponding option in the advanced solver settings
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Further improvements simufact additive

‘{%“ Simufact Additive 4.0 - Additive start >

Simufact Additive 4.0 - Menu ‘a8

@/ o7

o

Technical Tutorial and aeneral info
references fraining sheet

] *
| @ :
i About
N Additive
B
“ M 4 08 &
: =

" ~Cderal nfo sheet...
& Tutorial and traini

W e
.F L DI T

Recent projects
1 racket
2. Project-5

ﬁ!r 01-herizonal-Copy-1-Copy [0.00 %]
[ P

4 Renamed ,Tutorial” to ,Tutorial and training material“ so
that the documents are more clearly named
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Further improvements simufact additive

€% Mesh - Properties X

Mesh parameters

Element size: 14,4919

Advanced

Surface mesh statistics

2 Elements: 37983 ® Surface deviation

2 Nodes: 18983 #% Generate mesh

Brief description (hold Ctrl key to lodk)

‘ Restore Defaults

¢ Decreased the number of buttons per dialog

& Removed , Apply“ and ,Reset” buttons in all dialogs

& Special dialogs now have a , Restore defaults” button which
changes the values back to the default values

& Buttons with special functions like ,Create mesh” were added
to dialogs where needed

& Avoids the usage of ,Apply“ button for functions like mesh
generation
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Further improvements simufact additive

& simufact Demos 2018

- a X
ST Simufact Additive: Calibration
Aircraft Component The calibration of the cantilever beam is done at 0°, 45° and 90° of orientation. The experimental displacement values (delta_z)
Bearing Bracket are used as input parameters for the calibration. The results were obtained after an acceptable tolerance of 2.5% or after a
maximal iteration of 200. The experimental values are only used for demonstration purpose. This video shows you how to set up
g the calibration of inherent strains , to save these values to the library and load them from the library to a process.
C Calibration ¢ O H I

Distortion Compensation (Optimization)
Engine Bracket
Impeller

Result view - Z displacement I

>
= 7

Properties
> [ Application
> Material

i

& Reworked GUI design of Simufact Demos to be more user-
friendly and reduce mouse movements

& Buttons to open the project, tutorial, movie or directory are
now located near the selected demo entry

& If one entry does not contain e.g. a tutorial file, the
corresponding button will not be shown
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Further improvements simufact additive

€¥ Save praject only >

Process selection

€® Save project only x

Process

enter the name of the project and choose a folder where the project shall be

# Redesigned ,Save as” dialog to use common icons and be
more user-friendly

& The last used ,save as” path will be used for the next ,save
aSIl
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Further improvements simufact additive

General

Critical surface angle: |45.0

Critical surface anale; (45.0
Method: Simufact Method: Simufact

Simufact support generation Simufact support generation

Support radius: mim

Support radius: 0.33423% mm ~
Minimum surface area: 0.0 mmz ~* Minimum surface area: 0.0 mm?2

Overhang distance: 0.0 mm Overhang distance: mm

Support local minima Support local minima

Brief description (hold Ctrl ke Brief description (hold Cirl key to lock)
Create supports

Create supports
This dialog pag

Thiz diglog page allows you to spedify
the parameters which are needed to

create the supports. create the supports.

*
1

Back

4 Changed style of support parameter dialog in orientation
assistant to be uniform with orientation assistant dialog
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Further improvements simufact additive

4 Changed base plate shape of all base plates in library to be
more realistic
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Further improvements simufact additive

‘% Build - Properties
oatsbagspg ——m—-ouonono--—— Comment — XX X — — — — — —
: ~ o Lbrary: = &

Thermal parameters

Post build parameters

< Speed: 1000.0 | mm/s

Effidency: |50.0 - Beam width: (0.1 mm

mm
Sean rate: 2. 1e-8 m3fs Estimation »
Recoater time:  |10.0

Heat flux parameters

Exposure time: Automatic ™

Exposure en jon: Automatic, ¥

or: Isotropic ¥ |0.6

4 Improved messages in thermal and thermomechanical build e e

Estimated total build ume:

properties dialog to inform the user why a specific value is not e
available

Add timestamp E‘
Brief description (hold Ctrl key to lock)

T
L
»

Cancel
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Further improvements simufact additive

‘%‘ Advanced mesh parameters: Surface mesh x
Element edge length

Minirmum: Manual W mim
Features

Vertex angle: 100.0

Edge angle: /0.0

Curvature divisions: |12 H

Coons projection

Brief description (hold Ctrl key to lock)

L
3

Cancel

4 Avoid meshing issues due to too small minimum element
edge length in advanced mesh parameters dialog for surface
mesh and volume mesh by setting a minimum allowed value of
1% of nominal element size

# Values below 1% are shown as errors in the dialog
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Further improvements simufact additive

¢ Linked info sheet about exit codes to message in main
widget

# Allows fast and easy access to info sheet as well as reasons
and suggestions for corresponding exit code in simulation
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Further improvements simufact additive

License is about to expire

& Your license will expire in 0 days. Please renew your license scon. For further
\h!j information please contact the Simufact support.

‘% License file variable invalid! >

The environment variable MSC_LICENSE_FILE, containing the license file
definition, is invalid. The maximum length is 248 and the allowed characters are
"a-zA-F0-9@MN.x;_-". An invalid variable content can cause license checkout

failures,

4 User will be reminded when the license is going to expire
4 A warning is shown if the license path contains invalid
characters
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Further improvements simufact additive

i) About Simufact Additive ®

Simufact Additive 4.0

Copyright (C) 20

& Customer entitlement ID (CEID) can be seen in the about
dialog
& The CEID can be requested during a support case
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Further improvements simufact additive

When deleting a running simulation: When deleting a process with results:

€% Simufact Additive X

€3 Simufact Additive X

X The process '01-withoutSupports' cannot be deleted because the simulation is
still running. ?

The process you are about to remove has results,

Do you wish to continue and completely remove the process '01-
withoutSupports-Copy' and its results?

Cancel

When deleting results: When deleting a process without results:

<% Simufact Additive 4.0 by

€3 Simufact Additive X

2 You are about to completely remove the analysis results of the

following process: ? You are about to remove the process '01-withoutSupports-Copy-Copy'.
- 01-horizonal-Copy-Copy . .
Do you wish to continue and completely remove the process?
Do you really want to remove the analysis results?

- oK Cancel

4 Unified message boxes with other Simufact products
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Further improvements simufact additive

£ Simufact Additive - Settings

4 General

Settings

Setup options

' l Environment Colorg —e—e—roroe— o Background

' “ Master library Surface: Color:

4 Result values

i i Color legends 3ase plate: Type: Plain
[ [ Legend assignment

Auto color

" Reset to defalt colors

Brief description {hold Cirl key to lock)

4 Auto color for supports option is now located in the settings
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Further improvements

simufact additive

‘3% Part Group - Properties

MechanicalProperties
Thermal properties
Geometry information

erial density: |80.0

Orthotropic

Brief description (hold Ctrl key to lock)

¢ Improved design for orthotropic mechanical and thermal
support parameters

& Reduced text in front of input fields and grouped values

~ o Lbrary: == &

Comment

Add timestamp E!

$
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Further improvements simufact additive

& Properties for New_Material (modified) - m] X

File Extras Help

Mens Flow curve approach

General properties Analytical | Plasticity Cold Forging Material Form 1
Cold Forging Material Form 1 'S

Cold Forging Material Form 2

w curve scaling | unscaled ¥ =
Chemical composition
Powder characterization
Thermal properties

Cold Forging Material
Formula

Min yield stress
Mechanical properties Hensel Spitte] 1 d B
[ s Hensel-Spittel 10 4
Anisotropy /\Hockett-Sherby R ]
Damage Chaboche 04

Combined equations

Electramagnetic properties
Microstructure
Phase transformation

Diffusion Dependent on temperature: 1 - 02 i
Creep Constants g 4
Data sheet Constant Abbr. Value w7
Temperaturemin = T [20.0 “C g 0]

Temperature max T 300.0 C z B

Strain min @ 0.01 = = e 7

Strain max ¢ |20 - ]

Strain rate min ¢ |ooot 1fs A

Strain rate max @ 100.0 s e ]

Strain hard. exp. N 0.0 - 1

ield constant c oo hdPa b

use old 11.0 formula for F e ]

T T T T
5 1 15
Effective plastic strain [-]

Brief description (hold Ctrl key to lock)

v ()=

oK Cancel

4 Reordered dropdown menu for plasticity model in Simufact
Material to a more common style

Copyright © simufact engineering gmbh
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Further improvements

£% Simufact Additive 4.0 Setup

Blocking programs

Please close the following programs before continuing with setup...

Application | Process |

‘%Simufad Additive 4.0 simufact additive exe

Simulating Manufacturing

MS@SoftwarE' Company

vYsimufact

H

simufact engineering gmbh

4 Avoid installation problems by showing a list of blocking

programs during setup

simufact additive
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Further improvements simufact additive

mj 01-thermal-analysis.sts - Editor

Datei Bearbeiten Format Ansicht 7

job name : @l-thermal-analysis

inc load_case_name  tot_time cycl conv_r conv_d cy,

8 Initializing ©.0Q@BE+B@ © ©.000E+20 0.000E+Ee § © 0.008E+00 \ 10.00 8 8
8 Initializing 0©.GEE8E+08 © ©.00QE+20 0.000E+2QJ @ O.00BE+00 ae 8 8
g Initializing ©.0Q00BE+E8 © ©.000E+00 ©.000LE+04d g @.000c+00 ga 8 8
8 Initializing ©.0Q0GE+E8 @ 0.00QE+00 ©.B8008E+9 @ @.000E+00 .ee 8 8
8 Start simulation ©.0QBOE+B8@ O ©.00QE+20 ©.B0BE+H 8 8.000E+e0 .ea 8 8
1 AM Layer 1 1.000BE-83 © 0.000E+20 ©.000E+ 4 4.862E-01 .ea 1 8
2 AM Layer 1 1.7676E-81 @ ©.000E+08 ©.000E 1 1.848E+081 aa 1 8
3 AM_Layer 1 5.2827E-81 © 0.000C+00 ©.000E 6 7.883E-01 ga 1 8
4 AM Layer 1 1.@555E+80 © ©.00@E+08 ©.080E 4 3.978E-01 aa 1 8
5 AM_Layer 1 1.7586E+80 @ ©.000E+00 ©.000E 3 3.776E-01 ae 1 8
6 AM _Layer 1 2.6374E+80 © 0.00OLE+E00 ©.006E 2 8.518E-01 ee 1 8
7 AM Layer 1 3.6919E+80 @ ©.000E+00 ©.000E 2 5.838E-01 ae 1 8
8 AM_Layer 1 4.9222E+80 © 0.000C+00 ©.000E 2 4,369E-01 ga 1 8
9 AM Layer 1 6.3283E+80 0 0.00OE+00 ©.080E+j@ 2 3.237E-01 .ee 1 8
18 AM_Layer 1 7.9101E+80 © 0.000E+20 ©.080E+ 2 2.377E-01 §.61 1 8
11 AM_Layer 1 9.0677E+80 © 0.000CE+20 ©.000E+ 2 1.728E-01 0,81 1 8
12 AM Llayer 1 1.16@1E+81 © ©.000E+Q20 ©.080E+0 2 1.252E-01 fe.01 1 e
13 AM_Layer 1 1.1862E+83 @ ©.000E+20 ©.000E+0 2 2.893E-01 je.79 13 8
14 AM Layer 1 1.7729E+83 © 0.000E+020 ©.000E+00\ 2 2.364E-01 § 1.26 14 8
15 AM Layer 2 1.7729E+83 0 0.000E+020 ©.000E+00 \ 4 9.319E-014 1.26 15 8
16 AM_Layer 2 1.7731E+83 @ 0.000C+00 ©.000E+00 3L 1.819E+4 1.26 15 8

4 Added number of cycles for thermal pass and thermal
convergency to status file
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Further improvements simufact additive

% Connectivity of model: allParts

% Hexahedrals: 27154

% Number of all elements: 27154

% Number of nodes: 33738

% Area: B.3665%79

% Volume: 9.16447e-5

% Bounding box from: [8.85975, ©.87925, 6] to: [©.17825, ©.15875, ©.839]

€ When mesh is outsourced to ARC file, mesh information will
be written to DAT file
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Further improvements

4 Improved performance when opening projects

¢ Improved view performance for large models when picking mode is active
4 Improved warning about small dimensions of imported geometry

& Distortion compensation is deactivated for purely thermal simulations

& Displacement scaling factor is fixed to one when opening shape comparison
¢ Keyboard shortcuts harmonized for all Simufact products

4 Warning message about not available support surface results is only shown when
results are mapped

4 Remote test scripts added to setup
¢ ArcTool and ArcToolCmd added to setup

# Relative support volume option was removed from support properties
& Status bar was removed from Additive GUI

simufact additive
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Further improvements simufact additive

& Added temperature-dependent material properties for MS1
¢ Added ultimate strength and yield strength to powder materials
4 Unified handling of object names for all Simufact products
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