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Simulating Manufacturing

e :
simufact e

MSC A Software: Company

Simuating manuacturing - the manufacturingdivisionof MSC A Software*

¢

Hamburg

E more than 20 years of experienc
E more than 70 experts
E 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

E Supportingthe optimizationof metal-basedmanufacturingprocesses
E Manufacturingoriented processsimulation

E SpeciahdaptedSFMAROhon-linear finiteelementsolvertechnologybasedon MSC MARC
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2 K| ine¥ac Highlights

E Supportoptimizationwith respectto distortion
minimizationand supportvolumereduction

E Calibrationwith userdefinedgeometryandsettings
E Spatiallydependentinherentstrains

E Mapping totet/hex meshfor UNVexport

E Updatedsolverbasedon MSC Marc 2018

E Manyimprovementsn usability& stability

simufact additive

$

Implemented development tasks 243

Bug

Feature

127

116

ring gmbh
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Supportoptimization simufact additive

E Oneof the most challengingtasksduringthe build
preparationisto find the optimal supportstructures

E Supportsare mainlycreatedbasedon geometricproperties - -( ) !
. . [ ] EEE
|Ike angle’overhanmls.tanceetc' Manufacturing & optimization Optimization

E Theyactlike anchorsandhold the geometryin position /| Optimization » M & Diswanioncomnensation

duringthe build stage 'éﬁg;'ud =L
E Thusthere ispotential to optimizethe supportstructures B cutting

automaticallywith respectto: 8 sopport remora
E Reducinghe supportvolumeandtherefore costs
E Reducinghe distortionsof the geometry
E Findsupportsthat are optimal suitedfor the acting
mechanicaloads
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Supportoptimization

E Thesupportoptimization isintegrated as afully automatic
solution andtakesthe loadsduringthe build stageinto
account
E Theoptimizationis donein two steps
E Simulatethe part without supportsto determinethe
mechanicaloads
E Optimizethe supportswith respectto the mechanical
loadsfrom the previousprocessand performthe
simulation

E Theminimumsupportradiusaswell asthe minimum
volume fractioncanbe usedto control how andwhere
supportsshouldbe created

E Inadditionto the optimizedsupports the anglebased
supportscanbe addedaswell 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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Supportoptimization simufact additive

E Twodifferent methodsare availablefor the support
optimizatiorn
E Changdhe supportradiusaccording tahe mechanical
loads(default)
E Changehe numberof supportsfor adefinedarea
according tahe mechanicaloads

Method 1 Method 2

Copyright © simufact engineering gmbh




Userdefined calibration ¢ mechanical simufact additive e

E Themechanicalalibration processs essential foraccurate
resultsin the simulation
E Thusthe workflow wascompletelyre-designedo allow a
better userexperience
E For a fastindeasymechanicatalibrationeverything
neededis pre-definedin the GUI:

E Singlecantilevergeometry

E Uniform &isotropicinherentstrains

E Measuringpoint

E Cuttingstage

-
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Userdefined calibration ¢ mechanical simufact additive e

E Inherentstrainsare by default uniform andisotropic¢ most

simplecasé
E Formore advancedpurposeshe strainscanbe changedo ~ERETT —
orthotropic and distributed (dependingon the locationon the ne: ¥ Bidrametes v Yy b B
baseplate) Bl P ———
E It canbe savedif the scanningpattern wasrotated during tayes im0 | B otk eestochsion
manufacturingof the cantilever e B8 m
E Hasno influenceon the calibration B —— —
E Allowsa more simpleworkflow for the normalbuild
simulation
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Userdefined calibration ¢ mechanical simufact additive e

E Onemeasuringpoint is pre-definedwhen creatinga
calibrationprocess

E More calibrationpointscanbe 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




Userdefined calibration ¢ mechanical simufact additive e

E Onecutting stagepre-definedin Xdirection

Manufacturing & optimization Cutting-X - Propertie [—5 J‘

B sta ges

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

Width: Manual ™ (20.0 mm

W cut free from base plate

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

. Angle: o w — [
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Userdefined calibration ¢ mechanical simufact additive e

Summarymechanicalkalibration

E Thenew standardcalibrationwasdesignedo achievea better understandingof the minimum
neededparameters

E Norotation of the strainsduring calibration If scanpatternsrotate this isimplicitly includedin the
calibratedinherentstrains Rotationis only aninformationthat is savedin the database

E If the calibrationhasbeenperformedwithout rotation of the scanpattern, arotation canbe defined
in alater manufacturingsimulation If the calibrationhasbeenperformedwith rotation of the scan
pattern, the rotation shouldnot be usedin later manufacturingsimulationg asit is alreadyimplicitly
includedin the calibratedstrain.
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Userdefined calibration ¢ thermal simufact additive

E Thermalprocessesre now alsoavailablefor calibration At |

. . . . . Mechanical o Thermal ' Thermomechanical
E For a thermaprocesscalibrationthe maximumpeak

temperatureis calibratedby changinghe exposureenergy Type of simulation

fraction @ Manufacturing O calibration

Part (0.159, 0.125, 0.009): 999.0 °C

Database

Menu B —— S —
Calibration parameters Name: 3{ BuidParameters v Y Lbrary: o= M
‘Build parameters

Thermal parameters

T T ;iL4
Post build parameters Power: 200.0 w ¥ Speed: 1000.0 mm/s >

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

Layer parameters

Layer thickness: 0.03 mm v

Calibration parameters ——————  _ Comment Scan rate: 2.1e-9 m3/s Y Estimation,

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

Recoater time: |10.0 s Y

Heat flux parameters

Exposure time: Automatic ¥

- i Exposure energy fraction: Automatic ¥

Copyright © simufact engineering gmbh




Userdefined calibration ¢ thermomechanical ~ simufactadditive

Simulation configuration  =———
' Mechanical ‘ Thermal o Thermomechanical

E Thermomechanicabrocessesre now alsoavailablefor

calibration

E For athermomechanicaprocesscalibrationthe maximumZ Type of simulation

deformationis calibratedby changinghe volumetric @ Manufacturing O calibration
expansiorfactor

Part (0.159, 0.125, 0.009): 2.5 mm

> Build - Properties
Menu

Calibration parameters Name: ¢ BuidParameters v K Lbary: o [
{Build parameters

Thermal parameters
Post build parameters Power: 200.0 w Speed: 1000.0 mm/s v

Database

\ Parameters of single laser

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

Layer parameters

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

Recoater time: |10.0 v

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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Userdefined calibration simufact additive e

Summarycalibration

E Besideghe newworkflow the userhasthe following new capabilities
for calibration
E Calibrationfor mechanicalthermalandthermomechanical
processes
E Importone or multiple geometrieC Alsoincludespositioning
Usesupportstructures
Usebaseplate during calibration
Definemultiple measuringpoints
Defineorthotropic inherentstrains
Definespatiallydependentinherentstrains
Usemultiple cuttingstageq Thisis also valid formanufacturing
simulation!)
E Useafree sizefor the voxelmesh

m- m m ms ms ms

C Thenew calibrationbehaveddenticallyto a standardmanufacturing
simulationduring processsetup
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Spatiallydependentinherent strains

E Theinherent strainscanhavedifferent valueswith respect
to the position of the part on the baseplate and height
E Reasonganbe for instance
E Overlappingscanningareasfor multi-lasermachines
E Slightlydefocusedaserat baseplate edges

E With the currentreleaseSimufact Additiveancapturethese
effectsduringthe mechanicabuild simulation

E Theinherentstrainscanbe defineduniformly as inprevious
versionsor spatiallydependent

E Thestrainscanbe definedmanually per CSWnport or using
the calibrationfor spatiallydependentinherentstrains

E Thisallowsto get more accurateresultsfor fully nestedbase
platesand build spaceswith the fast approachof the
mechanicabuild simulation

simufact additive

o

Post build parameters
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Spatiallydependentinherent strains simufact additive e

E Define or load from databas®atrix of local inherent strains
to be used in the simulation

E Calibrated local inherent strains can reflect differgosition-
dependent conditiongan the build space

E Local inherent strains used in the build simulation can be
dependent in X,y and z

(-0.005, -0.005, 0.0

@\e/

(-0.009, -0.005, -0.03

P

(-0.008, -0.003, -0.03)

<3 Build - Properties

Copyright © simufact engineering gmbh




Spatiallydependentinherent strains

(-0.008, 40.003, -2.0Z)

(-0.007, -0.0065, -0.03)

= a0
Sl

/| (-0.005, 0.5, -C.0Z
Jh:‘h.
1 S

(-0.006, -0.002, -0.03)

(-0.008, -0.003, -0.03)

Build parameters |

4(-0.007, -0.005, -0.03)

simufact additive

5~

o Database

* Library: == [

Name: * BuildParameters v

Post build parameters

Layer parameters —————————— oo
Layer thickness: 0.03 Rotation parameters,

Scan width: [1X1]

Inherent strains

Distribution: Distributed ~ Il Z coordinate depency

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

Example

E 3 x 3 equidistant matrix of inherent strains

E 1 strain for the center region, 4 strains for the sides, 4 str

for the corners

E Spatial values will be interpolated between matrix entries

E Also nonrequidistant matrices possible, also in z

$

bh

:qrgineering gm

a
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Mapping totet/hex mesh for UNV export simufact additive e

Volume meshes

s . -
&% Volumes&s™

#in Create volume mesh

B Impoicvoiaie resn

Analysis

' Surface mesh = #% Volume-Bracket

el mesh
ume mesh

&+ humerncarpararmeers

E UNVexport of volumeresultsis possibleusingvolume ad
meshes
E Everypart hasa volumemeshcontainer s
E Volumemeshescanbe created(tet) or imported (tet/hex)

Brief description (hold Ctrl key to lodk)
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Mapping totet/hex mesh for UNV export simufact additive

UMV export X

e u International system of units (SI system) ™

( =
[ ¢ Part-Bracket Hpart e values at: =
¥ Triangles -
o 2

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

ég.:m@

Results ¥
urface results

Vouxel res:s

= uny export

& Referenc g
£ Export results

: Mumber of elements: -

Result transformation

1

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

E TheUNVexportisavailableon the voxelresultsin the
resultswidgetif a part hasa volumemeshassigned
E Partnameswill be shownin the UNVexportdialog

Copyright © simufact engineering gmbh




| Mapping totet/hex mesh for UNV export simufact additive e

X normal stress [MPa] _
.

'S/ jobis frushed based on tme [100.00%] B ‘@ .

01-horizonal-Copy-Copy - Result view

E UNVfile canbeimported into 3rd-party software

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

E sfMarcsolverupdatedto MSC Marc 2018
E Improvedstabilityfor cutting stagesandreleasestages

E IncreasedperformanceC Reductionof simulationtime up
to 40%comparedto previousversion
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Further improvements simufact additive

€3 CAD import options >

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

. . & Machine
Unigraphics &

Q. Supports

Creo P
STEP & Base plate

E Import of native CALfiles

E Discretizatiorby surfacemeshingdirectly on CADlata

E Surfacaemeshingandvolumemeshingdirectlyon CADdata
i Nolossof geometryinformation
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Further improvements

Es3 dditi
it [mm|
min: 0.00

i . gl jecti] = ] X

E Easierandfasterview control due to new cameratoolbar
with mainviewfunctions

E Cameratoolbar allows synchronizationof multiple viewsin
an easyandfastway

simufact additive

¥ View angle

v Joom

v Translation

Tirmne step

¥ Clipping planes

Result value

All legend properties

Synchronize all the time

$
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Further improvements simufact additive

. MNew project...
"B Mew project from template. ..

B Open project...
-

w General info sheet...

-5+ Opening project... -y
Loading 01-horizonal B
Recent praojes Analysis fanalvsi il
1. Project
2. bearing-bracket
3. Test
4. Project-5

E Aprogressbar will be shownwhen openinga projectto give
feedbackto the user
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Further improvements simufact additive

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

Metha Simufact Metho Materialise
Simufai pport generation ——————— Materialise support generation
Suppo 0.239839 nm -
Minimt CE area: Tim —

material

innowakors you can col

se

Generate supports

Generate supports

Brief description (held Ctrl key to lock) —8 @ —— Brief description (hold Ctrl key to lock)

E Preview for supportsurfacess availableto reducethe time
to find the correctsupportparameters

E Whenactivatingthe preview the surfaceghat needto be
supportedwill be shown

E Previewautomaticallyupdateswhena valueis changed

Copyright © simufact engineering gmbh




Further improvements

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

General
Critical surface angle: |80
Meth Materialise

Materialise support generation

el

-
rialise

. . =L
Suppaort local minima

Generate supports

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

E Implementednew Materialise APlwith minor performance
Improvements

E Whendouble-clickingon a supportgroupwithout supports
the supportgenerationdialogwill be opened

simufact additive

$
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Further improvements simufact additive

Frontfacecolor Backfacecolor

E Changedackfacecolor of Materialiseand shellsupports
for better visualization

E The bacKacecolorwaschangedrom blackto a similarcolor
comparedto the front facecolor

Copyright © simufact engineering gmbh




Further improvements simufact additive

01-horizonal-Copy-Copy

E Visualizationof volume fraction invoxelmeshingdialog
E Allowsto checkthe meshquality and meshingparameters
before startingthe simulation

Copyright © simufact engineering gmbh




Further improvements simufact additive

x

02-vertical [0.00 %] ]

-._.‘!!

Analysis

£, Surface mesh < >

Brief description {hold Ctrl key to lock)

E DATfile canbe changedautomaticallyafter creationby using
an externalprogramor script

E Programor scriptcanbe setin the numericalparameters

Copyright © simufact engineering gmbh




Further improvements simufact additive

‘3} Mumerical parameters - Properties

General

Total displacement

Parallelization < Total strain tensor )

I~ Qutput divisions Standard
02-vertical [0.00 %] 8 Output results Manufacturing issues
-~ Step control Global
‘ : Mv;“cea Thermal
chver
. Displacements
— * Strains

Equivalent elastic strain
Effective plastic strain
Effective total strain

Effective strain rate

Maximum principal total strain

Analysis

e Surface mesh
mesh

WMume mech . . . .
Intermediate principal total strain

%+* Murmnerical parameters Minimum principal total strain

X total strain
Y total strain
Z total strain
XY total strain
¥Z total strain
XZ total strain
Stresses

E Additional strainresult valuesare availabeduring post oads

processing

E Addedoptional output of total straintensorto numerical

parameters

E Defaultoption canbe controlledvia INIfile

Copyright © simufact engineering gmbh




Further improvements simufact additive

Menu

) SE
Build parameters Nam

Post build parameters

E Allow to removeall fixationsin asingletime step
E Capturethe real effectsmore precisely

Copyright © simufact engineering gmbh




Further improvements simufact additive

‘% Build - Properties

Datsbasg ——————————0—— Comment

e —— eters * Y Library: * [
Thermal parameters
Post build parameters

! Speet 1000.0 mm/s -

-

mm e

mifs ™ Estimation 1

Add timestamp %

E Changedlefault efficiencyfor thermal and

thermomechanicakimulationsto a more suitableand realistic
value

E Oldvaluewas 50%new valueis 25%

Copyright © simufact engineering gmbh




Further improvements

Process [0.00 %] E

--_.!!

Machine Parts

& Machine | "'
& pars (1)

¢ Show part only

r . B |mport
& supports ] i C

L opy
M Base plate
4 . /" Rename

Remove
=" Export part

& Show properties

E Avoidthe needto import identical parts multiple times by
usingthe new copypart function

E Copiedpartswill be shiftedinto positive Xdirection but only
once

simufact additive

$
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Further improvements simufact additive

E Supportthe userby finding errorsin the model setup by

highlightingintersectionsbetweenpart/supportand part/ base
plate

Copyright © simufact engineering gmbh




Further improvements simufact additive

Simufact Additive 4.0 - Menu ‘8 .

> a =

Additive Mew project Open project
start

4% Analysis start *
Analysis options —  DAT file modification
[:;‘.- 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 ¢

E Allow to queuejobsusingSimufact Monitor

E Simufact Monitonsincludedin the setupandcanbe opened
usingthe menu

E Whenstartinga simulation the job canbe sentto Simufact
Monitor and willbe addedto the queue

Copyright © simufact engineering gmbh




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)

-

E Thequeuecanbe startedin Simufact Monitor
E Settings folicenseschedulingallow optimal usageof
availablelicensesand hardware

Brief description (hold Ctrl key to lock)

Cancel
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Further improvements

‘3" Machine - Properties

patabasg —————————————————  Desciption

Mame: & Machine v * Library: +‘ e

General properties
Manufacturer: nufact engineering gmbh
Machine type: |Generic

Image: Edit f Show

Build space dimensions
X |250 Y: 1230
Base plate

Shape: Rounded cormers ™  Cormer radius: |24.0

Laser parameters

E Capturethe effect of multi-lasermachineson the build time
for thermal andthermomechanicasimulationsby storing
additionalinformation like numberof lasers

E Addedlaserparametersandrecoatertimesto machine

E Information willbe usedto validatesettingsin thermaland
thermomechanicabuild stage

E Extendedmachinedatabase

Add timestamp %

simufact additive

$
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Further improvements

£ Machine - Properties X

Description ———mm8 —————————

v Y Lbrary: o=

Library (0)
- {-} Product library (34)
L+ 1 3DSystems
| Conceptlaser
1
|

{ Build space dimensios:
Base pl: X: 100.0 mm, Y: 100.0 mm, Z: 95.0 mm

Shape:

Laser pa

Number of lasers: |1
Max. laser power:
Max. laser speed:

Recoater time

Min. recoater time:

B Max. recoater tim¢

Brief description (hold ¢

Cancel

E Machinedatabasecannow containand showimages

E Images andhe build spacedimensionwill be shownas
tooltip whenhoveringthe mousebriefly on the databaseentry
E Imagescanbe storedor deletedin the machinedialog

simufact additive

£ Machine - Properties s

Description

* 9 Library: *‘ e

Z: |250 mm ¥

Corner radius: |24.0 mm

ed: |7000

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

$
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Further improvements simufact additive

E Easierandfasterdefinition of cutting stagesby view interaction
E The cuttingstagecanbe completelydefinedin the view using
knownGUlelements

E Alsothe cutting heighttable canbe definedin the view by adding
or removingpoints, settingthe heightof pointsetc.

Copyright © simufact engineering gmbh




Further improvements simufact additive

E Easierandfaster positioningby multiple selection

E Multiple bodiescanbe selectedby holdingthe CTRkeyand
clickingwith the left mousebutton duringpositioningmode

E Alltranslationsandrotationswill be appliedto the selected
bodies

Copyright © simufact engineering gmbh




Further improvements simufact additive

Manual positioning IManual positioning
Transformation

¢ ¢ & @

Translation

Transformation

¢« * & @ SBGH

Translation

z ¥ |17.349

v |00

B Stepping

B Stepping

M Automatic centering of part M Automatic centering of part

E More flexibility by usingoRedaxduring positioningmode

E Comparaifferent positionseasyand fast

E Thecurrently selectedbutton is highlightedwhen clickingin
the input field to identify which direction will be usedwhen
hitting enter

Copyright © simufact engineering gmbh




Further improvements

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

onal-Copy - Result view
rnovall

arison to avoid misleading results due to rotation after cutting

E Addedwarningmessagdor result valuedisplacementsf the
currentlyshowntime stepis after cutting

E Warninginformsthe userthat displacementesultsafter
cutting might be misleadingdue to largedisplacementsand
rotations of the part (rigid body modeg

E Useshapecomparisornto avoidtheseeffects

simufact additive

$
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Further improvements simufact additive

E Geometriescanbe imported evenif they are outside the
machinespaceor do not fit in the machinespaceto avoid
unusualworkflows

E Redmachinewallsindicatethat at leastone geometryis not
Insidethe machinespace

Copyright © simufact engineering gmbh




Further improvements simufact additive

Orientation assistant

Favourable

Unfavourable

E Errorhandlingwasaddedto orientation assistantif a
criterion couldnot be calculated(to avoidmisinterpretation

Copyright © simufact engineering gmbh




Further improvements simufact additive

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

IS Jobis fished based on bme 17~ - - — “II @
q-} s
EEENF EEN
Surfaces ro
s
Surface €

esults to part surface mesh

e $o ook o acs mech

esults to base plate surface mesh

B UNV export
& Export results

Result transformation

*® Shape comparison

E Surfaceresultsfor baseplate canbe mapped
E Thisallowsa smoothandgoodlookingview on the results
E Baseplate canbe surfacemeshed

Copyright © simufact engineering gmbh




Further improvements simufact additive

‘% MNurnerical parameters - Properties X

o

* Parallelization
| Output divisions

l Output results
I8 Step control
4 Advanced

Mumber of cutting steps: |3
" Solver

Brief description (hold Ctrl key to lock)

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

E Reductionof simulationtime by activation of multiple layers
per time step

E Defaultisonevoxellayerper timestep

E Supportedin mechanicalthermalandthermomechanical
simulations

E Thisfeature is experimental. Thust cannotbe guaranteed
that everypossibleconstellationof optionsis availableand
works.

Copyright © simufact engineering gmbh




Further improvements

‘% Murnerical parameters - Properties

ivisions

Number of cutting steps: |3

Brief description (hold Ctrl key to lodk)

E Reductionof simulationtime by performingmechanical
couplingstepsonly at the end of the layer

E Defaultis performing4 couplingstepsper layer new option
reducesto 1 couplingstep

E Supportedonly in thermomechanicasimulations

E Thisfeature is experimental. Thust cannotbe guaranteed

that everypossibleconstellationof optionsis availableand
works.

simufact additive

$
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Further improvements simufact additive

Machine

&} Machine

& Pars (1)

¢ Supports (9)
T TiAIBVA_powde

#% Base plate

E Improvedorder within machinewidget

E Thenew order showsthat the material inthe machinewidget
Is not appliedto the baseplate

E Baseplate materialis definedin the baseplate properties
dialog

E Alsothe baseplate is not necessarilyweededfor mechanical
simulations
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# Show group only

"f Add group

= Import
/ Rename

Rermowve

2" Export support structures

‘ & Configure

E Distinguishbetweena { K grapertiesaand oConfigureX
clearlyshowwhat canbe donein the correspondingdialog
E oConfiguré  findodke&dprocesses

E o { Krapertiesh Bé&kédprocesses

& Show group only

o Export support structures

‘ i Show properties

simufact additive
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Further improvements simufact additive

4% Simufact Additive *

x 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.

E Whena processs unlockedand started againwithout any
changesanerror will be shownstatingthat no changeswvere
madeandthe simulationwill not be started
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Further improvements simufact additive

€2 Simufact Additive - Settings X

4 Result values
- Color legends
- Legend assignment

" User-defined resu...
A View

Brief description (hold Cirl key to lodk)

E Reduceghe needto configureCS\optionsfor everysingle
export

E Addedglobaloptionsfor CS\éxportaswell asclipboard
export

Copyright © simufact engineering gmbh




Further improvements simufact additive

Brief description (hold Cirl key to lock)

E Thelimit of userdefined colorlegendscanbe setduring
definition

E Avoidthe needto setthe limits everytime manuallyin the
resultview
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Further improvements simufact additive
~ Surra::imtiun [mm] — @

Part: Part-Bracket

Transformation ———m—m—m—m—m—m——

e ‘v °*

Initial shape ™

Visualization

e
L

E Renamedesultvalueoshapecomparisoriito osurface
deviationdasit isthe sameresultvalue

E Thismakesit more clearwhat is actuallycalculated

E Surfacedeviationis now calculatedbasedon nodaldistances
andnot on elementdistancesanymore Thismethod shows
more reasonableesults
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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

E Improveddesignof shapecomparisondialogto allow faster
switchingof part to be positioned

E Clearemamingof GUlelementssothat supportof multiple
partscanbe seendirectly
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E Allow negativeinput for start angleandincrementalangle
for mechanicakimulations
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& 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

Average grain size: |3U.U ‘ pm

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

Flow curves

Anisotropy

Damage

Electromagnetic properties
Microstructure

Phase transformation
Diffusion

Creep

Data sheet

Marpholog

Brief description (hold Ctrl key to lock)

S0D

oK Cancel

E Addedpagein Simufact Materialo documentpowder
propertiesincludinguploadof 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
Electromagnetic properties
Microstructure
Phase transformation

Diffusion [
Creep
Data sheet

C

Thermal properties

Parameter Type Constant values Tables

Thermal conductivity: Table ~ | |Constant value not used. Show table
Spedific heat capacity: Table ~ | |Constant value not used. Show table
Dissipation factor: Constant ~ ~ Create table

Latent heat:

Solidus temperature:

Melting temperature:

~ Evaporation temperature: 2862.0 ~ >
Latent heat for melting: :w | 13/kg “

" Latent heat for evaporation: 6.0%9e+6 Jfkg ~
Only use:
Acl temperature: 687.35
Ac3 temperature: 803.89 aE

Brief description (hold Ctrl key to lock)

OK

Cancel

o x
(&)
(%)
O

E Addedadditional latentheat for evaporationto coverthe
physicakffectsand preventan overheatingin thermaland

thermomechanicasimulations
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Further improvements simufact additive

o

Process [0.00 26]

?l-_gu

Machin

S othorizonalCopy-3[0.00%] B

?l-_!n

& Machin

© Machin
t-Frt‘Il

t-Frt‘Il

‘.( Supports
o .

2 Show properties

E Removedduplicatefunctionsfor showingand hiding
geometriesfrom contextmenuin mainwidget

E Geometriescanonly be shownandhiddenusingthe blue eye
icon
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Menu

" Parallelization Pardiso Direct Sparse ™ Advanced

- Output divisions
E I:b d - Output results

E e
E Step control
: ENF EEE I

Analysis !

e Surface mesh
mesh
:|I IME e |-.

%+* Murmnerical parameters

jon will increase but the simulation time wil also

E Improvedreproducibility for highly sensitivesimulations
usingPardisosolver

E Thenumericalreproducibilityfor highlysensitivesimulation
usingthe Pardiscsolvercanbe improvedby activatingthe
correspondingpption in the advancedsolversettings
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‘{%“ Simufact Additive 4.0 - Additive start >
Simufact Additive 4.0 - Menu ‘a8

o

@/ o7

Technical Tutorial and aeneral info
references training sheet

S
™
About
Additive
4 08 &
|

& 01-horizonal-Copy-1-Copy [0.00 %]

E Renamedx ¢ dz(l Z2d\ud¢ldZi@ NiaihiigY I yiB NAk | f &
that the documentsare more clearlynamed
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€% 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

E Decreasedhe numberof buttons per dialog

E RemovedApplydand oResetibuttonsin alldialogs

E Speciatialogsnow havel o w Sd&fauisihiitton which
changeghe valuesback tothe defaultvalues

E Buttonswith speciaffunctionst A { S méshilereadsed
to dialogswhere needed

E Avoidsthe usageof cApplyabutton for functionslike mesh
generation
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simufact additive

& simufact Demos 2018

Properties
> [ Application
> Material

i

Simufact Additive: Calibration
is done at 0°, 45 and 90° of orientatio h xpnmetld pl emet | (d It _Z)
ibration. h uI vere ol b ain

Input data for calibration

t| dfter ceptable toler: of 2.
only used for demonstratiol pp e. This d hwyh t tp
I tth library and load the mfomth library to a pro

E ReworkedGUI desigmof Simufact Demo$o be more user

friendly andreducemousemovements

E Buttons to operthe project,tutorial, movieor directoryare

now locatednearthe selecteddemoentry
E If oneentry doesnot containe.g. atutorial file, the
correspondingdoutton will not be shown

$

<
Qo
€
(o))
D
£
s
[
(0]
£
D
c
(]
b
[}
(o]
8
>
£
%]
o
-
ey
°
2
>
Q.
[e]
o




Further improvements simufact additive

E Redesignedr { | @ Hialdgth dsecommoniconsandbe
more userfriendly

E The lastuseda & | @ Bath Wik lie usedfor the nexta & | @S
I & a
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General
Critical surface angle: |45.0
Method: Simufact
Simufact support generation
Support radius: [ 9| mm
Minimurm surface area: 0.0 mm2

Overhang distance: mm

Support local minima

Brief description (hold Ctrl key to lodk)

Create suppo

This dialog you to s
1 are need

create the supports.

E Changedstyle of supportparameterdialogin orientation
assistanto be uniform with orientation assistantdialog

simufact additive

General
Critical surface anale; (45.0
Method: Simufact
Simufact support generation
Support radius: a0 mm
Minimum surface area: 0.0 mim 2

Overhang distance: 0.0 mm

Support local minima

Brief description (haold Cirl key to lock)

Create supports

This dialog page allows you to specify
s which are needed to

create the supports.

*
1
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E Changedaseplate shapeof all baseplatesin libraryto be
more realistic

Copyright © simufact engineering gmbh




Further improvements simufact additive

‘% Build - Properties

Menu

~ o Lbrary: = &

Thermal parameters

Post build parameters

h 5 1000.0 mm/s

- Beam width: |0.1 mm
mm -
Sean rate: 2.1e-8 m3fs ™ Estimation »

Recoater time:  |10.0 g -

Automatic ¥

E Improvedmessagesn thermal and thermomechanicabuild

Estimated total build ume:

propertiesdialogto inform the userwhy a specificvalueis not —
available | === @ ==m

Brief description (hold C

2
L
»

Cancel
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‘%‘ Advanced mesh parameters: Surface mesh x

Element edge length

Minirmum: Manual W mim

FEEItUrF_'S e ——.
Vertex angle: 100.0

Edge angle: /0.0

Curvature divisions: |12 H

Coons projection

Brief description (hold Ctrl key to lock)

L
3

Cancel

E Avoid meshingissuesdue totoo smallminimum element
edgelength in advancedneshparametersdialogfor surface
meshandvolumemeshby settinga minimum allowedvalueof
1%o0f nominalelementsize

E Valuesbelow 1%are shownaserrorsin the dialog
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Further improvements simufact additive

E Linkedinfo sheetabout exit codesto messagen main
widget

E Allowsfastandeasyaccesso info sheetaswell asreasons
andsuggestiongor correspondingexit codein 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,

E User willbe remindedwhenthe licenseis goingto expire

E Awarningis shownif the licensepath containsinvalid
characters
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Further improvements simufact additive

i) About Simufact Additive ®

Simufact Additive 4.0

Simulation of additive manufacturing processes

Copyright (C) 2018 simufa: ng ambh and its licensars. All rights reserved.

Por Materia V. Magics and Materialise
are tradem arks of erialise MV andjor its subsidiaries.

ﬂ Versions

E Customerentitiement ID (CEIDganbe seenin the about
dialog
E The CEIDanberequestedduringasupportcase
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Whendeletinga runningsimulation Whendeletinga processwith 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?

Whendeletingresults Whendeletinga processwithout 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

E Unified messagdoxeswith other Simufactproducts
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£ Simufact Additive - Settings

4 General

Settings

Setup options

I l Environmen t

. Master library
Result values

4
| I Color legends
[ [ Legend assignment
| User-defined resu...
4 View

Auto color

" Reset to defalt colors

Brief description {hold Cirl key to lock)

E Auto color for supportsoption isnow locatedin the settings
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Brief description (hold Ctrl key to lock)

E Improveddesign fororthotropic mechanicaland thermal
support parameters

E Reducedext in front of input fieldsand groupedvalues
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simufact additive

& Properties for New_Material (modified)
File Extras Help

Menu

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

Anisotropy

Damage
Electramagnetic properties
Microstructure

Phase transformation

Flow curve approach

Analytical | Plasticity

Cold Forging Material
Formula

Dependent an temperature:

Cold Forging Material Form 2
Hot Forging Material Form 1
Hot Forging Material Form 2
Hensel-Spittel 1
Hensel-Spittel 10

GMT

/|Hockett-Sherby

Cold Forging Material Form 1
Cold Forging Material Form 1 JPS

w curve scaling | unscaled

+ =

|

Diffusion

Creep Constants

Data sheet Constant Abbr. Value
Temperaturemin T 0.0 “C
Temperature max T 300.0 “C
Strain min ¢ ooz E
Strain max @ 20 E
Strain rate min w 0.001 1s
Strain rate max W 100.0 1s
Stminhad.ep. N[00 -

ield constant C 0.0 MPa

use old 11.0 formula for FY

Brief description (hold Ctrl key to lock)

Flow stress [MPa]

05 1 15

Effective plastic strain [-] :

Min yield stress

v ()=

QK

Cancel

E Reordereddropdown menufor plasticity modelin Simufact

Material to amore commonstyle

<
Qo
€
(o))
D
£
s
[
(0]
£
D
c
(]
b
[}
(o]
8
>
£
%]
o
=
ey
°
2
>
Q.
[e]
o




Further improvements simufact additive

£% Simufact Additive 4.0 Setup - h 4

Application | Process |
‘%Simufad Additive 4.0 simufact additive exe

simufact

MS@SoftwarE' Company

¢

simufact engineering gmbh

E Avoidinstallation problemsby showinga list of blocking
programsduring setup
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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

E Addednumberof cyclesfor thermal passandthermal
convergencyto statusfile
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% 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: [@.85975, ©.87925, @] to: [@.17825, ©.15875, ©.039]

E Whenmeshis outsourcedto ARJile, meshinformation will
be written to DATfile
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