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Metal Additive Manufacturing — Powder Bed Fusion
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Today’s market for Additive Manufacturing \Teratec
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[1] https://www.engineering.com



B A
7 Forum

Practical Applications \_Teratec

F L L LS
- ”

o
ARER
“f.
Technology is established Technology is partly established and First parts in exclusive serial
> prototyping economically used applications
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> design studies hot forming tools light weight
> show cars > high pressure die casting molds > bionic structures
> functional integration > mass customization
> robot grapper > aftersales
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Main Challenges in Metal Additive Manufacturing
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Design workflow for Additive Manufacturing Teratec
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In AM we Create the Material Properties as we Create the Part \.Teratec
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Key to Accuratjg_ Predictions is to get Exact Thermal History \Teratec
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Each Machine Manufacturer uses A unique Scan Pattern...

different Scan Pattern logic.

Which is why Predicting Thermal ...Which results in different:
History at the Meltpool level for - Strain Magnitudes

is critically important! - Microstructures
- Mechanical Properties
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Which scale would you like to simulate? \Teratec
Main challenge for the simulation é%
* Local discretisation: layerwise structure G
=0

(dimensions of the laser spot are in um, dimensions
of the structure are in cm.

* Time discretisation: process times Detailed Model

(exposure time of single layers is in ms, total process
time can be hours)

Solution
 Simulation for single layers in a detailed model
* Simulation of the whole structure in a global model

Global Model Source:CADFEM
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Prediction of the melt-pool dimensions : Single Bead \Teratec

Ultrahigh-speed synchrotron x-ray imaging technique in Ti-6Al-4V

,Keyhole threshold and morphology in laser melting revealed
by ultrahigh-speed x-ray imaging”, Cunningham et al. 2019

11 | © 2019 ANSYS, Inc. \NSYS Confidenti:
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Single Bead Simulation \_Teratec
It is really like:
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Scanning velocity (V) Finding optimal parameters is not easy!

https://www.linkedin.com/pulse/x-marks-spot-find-ideal-process-parameters-your-metal-marc-saunders/
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Single Bead Simulation \_Teratec

A Single Bead Parametric Simulation is a tool used to obtain information about the melt pool characteristics
of your selected material. It is set up to follow the industry practice of testing on-powder single beads on PBF
machines in which the laser runs in one single scan line across powder. The goal is to determine the
geometry of the melt pool (width, length, and depth) as shown in the following figure.
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Single Bead Simulation : Results diagram \_Teratec

If more process parameters are considered the diagram could also
include other criteria that are not satisfied:

Laser Power versus Scan Speed
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Type of Porosities in Additive Manufacturing
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“X marks the spot - find the ideal process parameters for your metal AM parts” Renishaw

15 | © 2019 ANSYS, Inc. ANSYS Confidential
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Predict Porosity on volume level \_Teratec
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Porosity Prediction Output
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—@— Simulation Results

—@— Experimental Results
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Cellular Automata method for Microstructure Prediction \_feratec

The Cellular Automata method is an algorithm which
describes the spatial and temporal evolution of a physical

system by applying deterministic or probabilistic 200
transformation rules. 180

160
In this method, the spatial domain is divided into finite cells 140
such that they can fit the simulation domain with integral 120
multiples of the finite cell size, and the state of every cell is 100
determined by the state of its neighbor cells according 80
to a set transformation rule. i

40
In the present model, four variables are assigned to each cell:

(a) a state variable defines the state of a cell i.e., solid, liquid,
and interface; (b) an orientation variable represents the
preferred growth orientation of the grain; (c) a grain number
variable is used to distinguish the grains from one another; and
(d) a solid fraction variable is used to track the transition of the
liquid cell to solid cell.

20

20 40 60 80 100 120 140 160 180 200

“Understanding grain evolution in additive manufacturing through modeling” Akram et. al.
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Automata method for Microstructure Prediction \Teratec
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“Understanding grain evolution in additive manufacturing through modeling” Akram et. al.
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Microstructure Outputs \_Teratec
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“Understanding grain evolution in additive manufacturing through modeling” Akram et. al.
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Conclusion \_Teratec

Process Simulation Enable a New Means for Quality Assurance and
More Accurate Predictions to help you increase your productivity
while :

* Insuring tolerances for parts dimensions

* Having optimal Build Setup
* Process Parameters
* Supports
* Build Defect Prediction

* Tuning parts mechanical properties to your needs O
* Microstructure
D‘Q

* Porosity




Thank you!

Questions?

Dr. Alexandre HIRICOIU
alexandre.hiricoiu@ansys.com




