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INTRODUCTION

AM Computational Tech (ACT) is software for process modeling of metal 3D printing. This manual
explains how to simulate metals 3D printing process with the free version of ACT software. The free
version of ACT has some computational algorithms for thermomechanical simulation of metals 3D
printing with direct laser deposition (DLD) and selective laser melting (SLM) methods. Although the free
version of ACT has limitations, this is useful for teaching and research activities.

Computational features of ACT software for DLD method are:

- Time-dependent thermomechanical simulation (thermal history, thermal deformation,
and thermal stress)

- Extracting cooling/heating curves for any desired point of the printed sample

- 3D microstructural simulation (grain topology of solidified and heat-affected zones)

- Manual printing of simple 3D shapes

- Adjusting print parameters

- Simplifying laser heat input by a constant temperature

- Exporting results to excel

- Saving snapshots of the results

Computational features of ACT software for SLM method are:

- Time-dependent thermal simulation

- Creating a 3D shape to print

- Adjusting print parameters

- Extracting cooling/heating curves for any desired point of the printed sample
- 3D microstructural simulation (grain topology of solidified and heat-affected zones)
- 2D solidified microstructure

- Predicting melt-pool shape

- Predicting the final printed sample

- Considering Gaussian function for laser heat input

- Exporting results to excel

- Saving snapshots of the results
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MENUS and TOOLBARS

ACT software has a menu, a toolbar for thermomechanical simulation and results-postprocessing, a
toolbar for manual 3D microstructure simulation, and several screens.

Menu ——»  Fe e woon Skt

Téolkii I ,} s [ vase | |pretes gt E.mu,_ bt | | tempnt |- | Ressvat | - | e e

For thermomechanical Rotation 0[S Retetion 0 JEHSH Roteton 23: JISH 2o~ [ wictt: JJZB Height [T Groptic
simulation and
automatic 2D
microstructural

simulation

| Conmg e

| Deformadon | Srass | Tharmal | LM Seent | LM Sreen | LD Sereen't | DL Sreen)
A

Screens

Model and results
viewers (microstructure)

575 e[S | ey G2 WIS

Screens

Model and results
viewers
(thermomechanical)

Toolbar Lol IS A | PN P
[ ()

For manual 3D Status: Resdy
microstructural simulation

Although everything is available for simulation in the menu, toolbars are designed for easy using
computational tools.

File  View | Jools | AddProcess  Solution  Post-Processing  Result Processing  Help
Materials Properties  Ctrl+A

Heat Source Ctrl+H
DLD) I - it. | [Solution Opt. Print
DLD Options Ctrl+D
SLM Options Ctrl+5
Rotat CFD Ctrl+C Rotation (Z): 15  Zoom: 1

30 Microstructure  Ctrl+M

Cooling curve
DLD Screen |

Postprocessing Ctrl+P

Add Module

Solution Options Ctrl+0

LD Screen II‘

File  View Tools AddProcess | Solution | Post-Processing  Result Processing  Help
Solution/Results Saving Options

Print

R F LN | L

DLD - Materials Laze

File  View Tools AddProcess Solution Post-Processing | Result Processing | Help

r_ -1 r- -1 r— '1 r DLD/SLM tool
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ACT has two toolbars. In the toolbar for thermomechanical simulation, you can choose the print method

(DLD or SLM). For each method, different results-postprocessing tools are available.

I Materials Laser Printer Opt. | [Solution Opt. Print

DLD
DLD) B Materials Laser [Printev Opt] Eﬁlution Opt] [ Print ] Temp.vst |~ | Resultsvst | v | Temp. Profie () ThermsiStres 4Ps) Deformation (um) |
SLm v [MaterialsJ [ Laser J [Printer Oth Eﬂlutinn OpJ[ Print J Temp.vst |~ | Temp. Profile (K) X Plane

Simulation steps are straight forward with the toolbar.

Step 1 Step 2 Step 3 Step 4 Step 5 Step 6

I Materials Laser Printer Opt. | [Solution Opt. Print
DLD

X Plane

The next step is applying materials properties after selecting the print method. In the free version of ACT,

only constant value for the material properties could be applied.

H Materials Laser Printer Opt. | [Solution Opt. Print
DLD

Materials Selection

Physical Properties

Themal Expansion | 13e-6

Column1 Column2
Heat Capactty 500 ] .
Densty 7800
Themal Conductivty [7.1
Mechanical Properties
Bastic Modubs [Tt
Yeid Strength [
Utimate Strength
|51 Base Unt (MKS)
Concel
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The third step is the definition of laser heat input.

‘ Materials H Laser ||Printer0pt.’

|

Heat Source

Laser (SLM)  Laser (DLD)
Laser Power - Q (W)
Laser Thickness -t (um)
Power coefficient -h
Head distribution factor -
Absorption coefficient - n
H

242
Laser input heat = ’;L'Z"?XP(' @)
L

Temperature of the motlen metal (C)

The next step is the adjustment of some technical parameters for printing like chamber temperature,
powder feeding rate in the DLD method, scan speed, hatch spacing, the print pattern in the SLM method,

etc.

Materials || Laser HPrinterOpt.\ lution Opt. Print

J

DLD Options x

Options  Manual Print  Auto Print  Torch
SRNE—e
Bed temperature (C)
BMassings) [ ]
P —

[ Fuly attached to the substrate Show the plastic region

Show the crack formation
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Options Manual Print  Auto Print  Torch

Auto Print @® Manual Print
Mesh Size
4 xsem) 0]
Print Length (mm) Ysuem 0]
Print Width (mm) Print Direction
L 1] O xor
Number of layers ™ y-Dir
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The fifth step is numerical solution options and some configurations for results-postprocessing.

g Materials Laser Printer Opt. | [Solution Opt. Print
DLD

Solution Options x Solution Options x Solution Options x

SLM Solution Options  DLD Solution Options  Saving Results

DLD Solution Options  Saving Results SLM Solution Options
Microstructural Mesh Resolution um) v Microstructural Mesh Resolution (um) & SLM  DLD  Temperature Viewer
Themmomechanical Mesh Size (um) z} Themomechanical Mesh Size (mm)
x [ ]
b/a:
-  —
z [ ] =
Add Point
o\
n'\sw!(\‘
o
Fast Solution (Low accuracy) Full Solution (high accuracy)
oK Cancel OK Cancel || OK
Solution Options x Solution Options x
SLM Solution Options  DLD Solution Options  Saving Resuits SLM Solution Options  DLD Solution Options  Saving Results
SLM DLD  Temperature Viewer SLM DLD Temperature Viewer
x [ ]
@ Maximun Value
v [ ] = O Set afied vake
z 3000
Add Point
Interval of results saving
Simulation Time Step(s)
[ s ]
Cancel OK Cancel OK

The sixth/last step is a click on the print button. A simulation with ACT needs several minutes to hours,
depending on the size of the model and the accuracy of the simulation.
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Some results-postprocessing options are available for each of the DLD or SLM mothed to extract results
versus time at any point and results from the profile at any cross-section.

DLD @ [Matenas][ Laser J[PrnterOth Eauton Up}[ Print ] Temp.vst | ~|| Resultsvst | = | Temp. Profile (K) Thermsl Stres (MPa] Deformation {um) | ~ X Plane

DLD Point
H Rotation (): | 15  Rotstion(V): 15  Rotation(@): 15  Zoom: onts 190 Heinkt | 100 GraphicResolution 40 | Addalayers> 1 Paint Clear =
[ | Eportofxcel 1+ | DLD Points I S
) ]
£ T 4
SLM < [Mat:rasJ [ Laser ] [Prunt:rOpt] %uton Op} [ Print ] Temp.vst | ~|| Temp. Profile (K) X Plane

-1 SLM Point:

g §!  Rotation (X: | 15 Rotation (¥ | 15 Rotation : | 15 | Zoom: ot 1500 tieinkt- 9000 Graphic Resolution |40 | Addalayer»> 1 Paint Clear 2

1 [ Exporttofcel » SUMPoints | 5

Results wst | | Temp. Profile (K}

\ J |\ —)

Export to Excel:

DLD von Mises Stress (MPA)
DLD Stress X (MPa)

DLD Stress Y (MPa)

DLD Stress £ (MPa)

DLD Stress ZX (MPa)

DLD Stress XY (MPa)

DLD Stress ZY (MPa)

DLD Total Deformation {m)
DLD Displacernent X (m)
DLD Displacemnent ¥ (m)
DLD Displacement Z (m)

It is possible to extract results at any cross sections by selecting the ‘X Plane’ or ‘Z Plane’ and position of
the cross-section from the origin.

Temp. Profile (K} Thermal Stress 4Pa) Deformation (um) | v X Plane -

) ) )
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Manual simulation of 3D grain structure is simple with its toolbar. First, the size of the simulation domain
needs to be specified (a) in um. Then, melting point and kinetics parameters must set for heterogeneous
and homogeneous nucleation by considering Arrhenius forms. Then, the software is using the Cellular

Automata method for microstructural simulation.

If the heating/cooling curve is available for the point selected for microstructural simulation, heat affected

zone microstructure could be estimated, too.

© 3D Microstructure toolbar:

Manual 3D microstructural evolution

Solidfication  HAZ (Grain Morphology)

|

b

Metns T, ©

a1k
@2k

Manual 30 m

icrostructural evolution

Solidfication HAZ (Grain Morphology)

Tmax 1100

Tmin

Affected Time (sec)

p= D _"Koe'%.dl+]
N

o [ 154

D" — DI = K,,e'igl“dt

Heterogeneous nucleation region (h2)

Q W)
Simulatation time step (sec)

Temo. (O}

Naeiting Pont

P2 = e-OZ/RT / \ T {C)
[ Homogeneous nucleation region (h1) ¢ ‘.."\‘
P1 = e~QURT \
\\»_ Y,
| cancel Aoply | [ Cancel
Grain Growth Graph
Solidification (Initial microstructure) Export to Excel

Cpticns
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EXAMPLE I: Simulation of DLD printed sample

In this example, a wall will be printed with the DLD method. The thickness of the wall is 3 mm, and the
length is 15 mm. The scan speed is 1 mm/s, the metal powders feeding rate is 1 mg/s, and the laser

temperature is 2000 C. Print five layers on each other.

Solution:
Step 1: Select DLD in the toolbar.

Step 1 Step 2 Step 3 Step 4 Step 5 Step 6

H Materials Laser Printer Opt. | [Solution Opt. Print
DLD

Step 2: Insert material properties.

Physical Properties

Themal Expansion | 137 |
Heat Capacity | 200 |
Density | 7800 |
Themal Conductivity | 7. |
Mechanical Properties

Elastic Modulus 1.8211

Yeild Strength

| |
Poisson Ratio | 03 |
| |
Utimate Strength | |

Step 3: Apply molten metal temperature received from the nozzle.

Temperature of the motlen metal (C) | 2000
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Step 4: Apply metal powders feeding rate and scan speed.

Chamber temperature (C) |2? |

Bed temperature (C) |2? |

Mass {mag.s) | 1 |

Speed (mm./s) |1 |

Fulty attached to the substrate

Continued Step 4: Define the number of the print layers, the print length, and width.

Auto Print (® Manual Prirt
Mesh Size
4 X Shift fmm) |0 |
Prrt Length {mm) ¥ Shift fmm) |0 |
15 |
Print Width (mm) Print Direction
3
| | [] *-Dir
Mumber of layers ¥-Dir
E |

12| Page



MANUAL - AM COMPUTATIONAL TECH 2020

Step 5: Set the mesh size of the thermomechanical numerical simulation. Although you can select any
value lower than the wall size, 1 mm is selected.

SLM Solution Options  DLD Solution Options  Saving Results

Microstructural Mesh Resolution {um) 1um w

Themomechanical Mesh Size {mm) | 1

Continued Step 5: Select some points to extract results versus time.

5LM Solution Options  DLD Solution Options ~ Saving Results

S5LM  DLD  Temperature Viewer

Clear

Cancel QK
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Continued Step 5: Adjust some parameters for results-postprocessing. Saving results in folder
‘...\Results\DLD\Thermo’ for every five time-steps.

5LM Selution Options  DLD Selution Options =~ Saving Results

SLM OLD  Temperature Viewer

() Maximun Value
(@ Set afixed value

Interval of results saving

Simulation Time Step(s)

5 |

Cancel oK

Step 6: Run simulation!

Step 6

Print
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Activate results-postprocessing after solution.

File

View  Tools

Add Process

Post-Processing | Result Processing | Help

(

Al

'1 r DLDYSLM tool

Export the results of the selected points by click on DLD Points.

\ A

Temp.wst  =| Resultswst

) &

= | Temp. Profile (K)

J

DLD Points

120 Heinht:

| Export to Excel

]

DLD Points

Graphic Resclution

Thermal Stress (WPa)

\ e/

40

Then, results could be found in the cooling curve screen.

2500

|

2000

1500

1000

500

| Deformation | Stress | Thermal | SLM Screen || | SLM Screen | | DLD Screen || | DLD Screen |

Add a layer => 1 Paint Clear

Deformation (um) |~ X Plane -

R

4 0z WS

\

A

m— Series]

20

40

Serigg? = Serigsd = Seriesd

60 a0

Seriesh

Select ‘Z Plane’ and 7 mm as an off-set to extract profiles of the last time step results (temperature, von

Mises stress, and deformations). You can find the results in thermal, stress, and deformation screens.
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|thngmwe

| DLD Sereen I | DLD Screen|

| Defermation | Stress [{ Thermal'; SLM Screen I | SLM Screen |

| Print ~ Temp.vst |~ Resultsvst -immum(n 7 H 7 | i lv 7 ZPlane  ~

© Width: - Height: - Graphic Resolution

| =i azuns

[z veus |

: DLD

| Cooling curve

} Thermal | SLM Screen Il | SLM Screen | | DLD Screen Il | DLD Screen|

3

Print ~ Temp.vst |~ | Resultsvst | ~ ~ Temp. Profile (K) 7 i 7 lL‘ i = 7 ZPlane -

© Width: - Height: - Graphic Resolution

[25 veus [=mnisonin] syoi gz Wis
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~ | Materials Laser Printer Opt. Eouton(}p{ Print Temp.vst |~ | Resultsvst | ~ | Temp Profie () EO— 7 Detormaton (um) = 7 ZPlane

Width: = 120 Height: 120 Graphic Resolution

=}
=]
o

| Cooling curve

| Thermal | SLM Screen Il | SLM Screen | | DLD Screen Il | DLD Screen |

| Deformation  Stress

[525 veiin [smpniscoin ] speid gz wis

Some snapshots could also be found in ‘...\Results\DLD\Thermo'.

AN

1766 (K)

298 (K)
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8
7
6
5
4
3
2
1
0

Cm W BN DN
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EXAMPLE Il: Simulation of SLM printed sample

In this example, a cube will be printed with the SLM method. The size of the cube is 150 pm by 100 um
by 100 um. The scan speed is 1250 mm/s. The laser thickness is 80 um, and the powder layer is 30 um.

The hatch spacing is 50 um, and the laser power is 200 W.

Solution:

First, create a model by drawing a grid with 150 um width and 150 um height. Different values could be
selected for the resolution, but 50 um is selected. The size of the graphic resolution will not affect the
computational results. Click on ‘Paint’ when you input all the values of width, height, and graphic
resolution to see the grid. If you click in each of the small squares of the grid, you will select it and create
a cube 50 um by 50 um by 50 pum in the 3D view (SLM Screen I).

Width: 150  Height: 150  GraphicResolution = 50 | Addalayer>> 1 || Paint | Clear

IQZ!S UuelE) | NN S0 I alodd Q7 WIS
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Continue selecting squares to create the first layer (150 um by 100 um by 50 um).

Dt

Click on ‘Add a layer’ to add a new layer on the previous one.

Width: 130 Height: 150  Graphic Resolution = 50  |Addalayer>> | 1 | Paint | Clear

In the 2D graphic, the green color would be changed to light gray. Click on the gray ones to create the
second layer.

Width: 150 Height: 150  GraphicResolution 50 | Addalayer>> 2 |[Paint | Clear

Width: 150 Height: 150  GraphicResolution 50 | Addalayer>> 2 |[Paint | Clear
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Finally, there is a cube with 150 um by 100 um by 100 um size for simulation.

Width: | 150 | Height: | 150 | Graphic Resolution 50 | Addalayer>> 2 [Paint | Clear

Rotation (X): | 15 Rotation (V) | 15  Rotation(Z: | 15  Zoom: | 115

| Cosling curv
| DLD Sereen|

| Deformation | Stress | Thermal | SLM Sereen Il [ SLM Seréenl! DLD Sereen I

(5255 ueus [ampnisoii] syiow gz W1

Step 1, select DLD in the toolbar.

Step 1 Step 2 Step 3 Step 4

“%‘l ’ Materials ‘ ’ Laser l |Printer Opt. '

Step 2: Insert material properties.

Physical Properties

Thermal Expansion | 13e-6 |
Heat Capacity | 500 |
Density | 7300 |
Themal Canductivity | 71 |
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Step 3: Apply the laser parameters.

Laser input heat = T—zexp(—

Laser Power-Q (W) | 200 |
Laser Thickness -t (um) | 80 |
Power coefficient -h | 09 |
Head distribution factor -f | 17 |
Absorption coefficient -n | 0.2 |
Ho | 1.01 |

fon fla*+ JF}:|

2
r L

Step 4: Input the powder layer thickness, scan speed, and hatch spacing.

22| Page

Chamber temperature (C) | 27 |

Bed temperature (C) | 27 |

Powder Layer Thickness um) | 30 |
Speed (mm/s) | 1250 |

Hatch spacing fum) | 50 |

Fully attached to the substrate
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Continued Step 4: Select a print pattern (Only a print pattern is available in the free version of ACT).

Print Pattem (First Layer):

ANGLE

ANGLE

Continued Step 4: Select a cross-section to see the estimated melt pool shape and depth.

Options ~ Print Pattermz 20 Microstructure

Active simulation of 2D microstructure (SLM)

20 cross section position {h) | 20 |

Activation Energy {J/mol.K) | 245000 |

(Heterogeneous Mucleation in melt-poal)

23| Page



MANUAL - AM COMPUTATIONAL TECH 2020

Step 5: Set the mesh size of the thermomechanical numerical simulation. Although you can select any
value, 4 um is selected.

Suppose the cube is the whole sample, input 1 for b/a parameter. If the sample is part of the real sample,
you need to input another value for b/a.

SLM Selution Options  DLD Solution Options ~ Saving Results

Microstructural Mesh Resolution {um) | 1um o

Themomechanical Mesh Size (um) | 4

b/a:

Fast Solution (Low accuracy) Full Solution thigh accuracy)

5LM oL Temperature Viewer

() Maximun Value
(® Set afixed value
| 3000

Interval of results saving

Simulation Time Stepis)

R
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Step 6: Run simulation!

Step 6

Print

c—

Activate results-postprocessing after solution.

File  View Tools AddProcess Solution  Post-Processing | Result Processing | Help

r. -1 r— -1 r— '1 r 1 DLDYSLM tool

Check the folder ‘... \Results\SLM\Thermo’ for thermal results snapshots.

3000 () 3000 (Q 3000 () 3000 ) 5000 (K) 3000 00
I 1 I 2 ' 3 I 4 I 5 I 6
|-~$ . ® LQ IMQ LQ LQ
I~ I~ I~ - - -

l I I 12

I 7 8 9 10 11
- . 7000 . 2000 . I-n ‘ Iz—n ‘ 2800 ‘

Check the folder ‘...\Results\SLM\ Micro’ for 3D melt-pool shape and solidified shape.
1 2 3 4 5
6 7 8 i 9 ! 10 E
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Check the folder ‘...\Results\SLM\ Micro’ for 2D melt-pool shape at the cross-section.

Options ~ Print Pattems =~ 20 Microstructure

Active simulation of 2D microstructure (SLM)

2D cross section position (h)
Activation Energy (J/mol.K)

(Heterogeneous MNucleation in mekt-pool)

\ o

1 2 3 4 5
A A A LA =

N4 . N/
6 7 8 9 10
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