Workshop

AX- Process Simulation — From the current opportunities to a joint identification
of future needs
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Where can simulations support along the process chain?
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Motivation
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* Right choice of print parameters is the key for parts with suitable ol
properties % € .

» Optimization is often not possible through the many parameters and
their interaction

* Process simulations can help to overcome key challenges in AX like
Geometric conformity, Residual stress management etc.
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Theoretical Manufacturing paths Manufacturing Manufactured
CAD model generation process part  [3]




Introduction

: . . . . Definition of Interpretation
Question/ || Simulation Material Material boundary Simulation P
Problem 10 of results
Tool Model Parameter conditions
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Process simulation

 Available tool capabilities: —

« Temperature distribution P sing
* Residual stresses P
« Warpage

* Research: E

* Bonding models
Coupling with structure analysisMitigate the probability of failure.
Effects of Crystallization
Dimensional accuracy Understand the physics

Analysis of the process parameter - part properties relationship
Prediction of complex geometrieseditidthasticrttStpadtupsbperties
characteristics of the end part.

Optimize production and part quality




Process simulations on different scales

* Influence of process parameters on material properties can be analysed on different scales

Microscale Mesoscale Makroscale

Temperature (YC)
zoo 350 50.0  65.0 aoo 950 110 125 140 155 170 |s 200 215
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Fgure3 A few frames, (a)-(f) in time order, from a simulation of the mak ng of a two-layer objec
e the filaments are laid down in paralll nd perpendic l directio

[5] [6] [7]




Example of a process simulation —drone rotor blade

[8]

?

.'

Warpage

Abaqus

N

x| —

Linear
elastic

Literature +
experiments

Temperature
+ Support

Q-

»»

1 element =
8 layers

Assumptions
of cooling

conditions

i DLR




FDM process simulation — Basic concept

X
Name: | Cooling Interaction -1
Medel : Model-1
Step :HT (Heat Transfer)
Region
@) Use assigned build parts
(0) Use element set |- -+
Interactions
Convection  Radiation
Define Convection
Definition Embedded Coefficient
Film coefficient: 0.018
Film coefficient amplitude: | Instantaneous
Sink Definition Uniform
TOOI Path Sink temperature: 298.15
. Sink amplitude: Instantaneous
Conversation
.
CAD G-Code->EventSeries ox Analysis
Meshing
. Thermal boundary
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Example of a process simulation —drone rotor blade

[8] [9]
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Example of a process simulation — Process simulation temperature

Step: Step-1 Frame: 0
MT11 Total Time: 0.000000

+3.817e+02
+3.743e+02
+3.670e+02
+3.597e+02
+3.523e+02
+3.450e+02
+3.377e+02
+3.303e+02
+3.230e+02
+3.156e+02
+3.083e+02
+3.010e+02
+2.936e+02
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Example of a process simulation — Process simulation material orientation

Step: Step-1 Frame: 0
. Total Time: 0.000000
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Example of a process simulation — Temperature analysis

Temperature [°C]

200.

150.-

100. -

50.+

— Initial temperature decrease

0.0

Time [s]

10.0[x1.E3]
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Example of a process simulation — Warpage analysis

U, Magnitude

+1.255e400
+1.150e400
+1.046e+00
+3.414e-01
+3.36%e-01
+7.325e-01
+65.280e-01
+5.236e-01
+4.191e-01
+3.145e-01
+2.102e-01
+1.057e-01
+1.263e-03

U, Magnitude

+1.255e400
+1.150e400
+1.046e+00
+3.414e-01
+3.36%e-01
+7.325e-01
+65.280e-01
+5.236e-01
+4.191e-01
+3.145e-01
+2.102e-01
+1.057e-01
+1.263e-03

Before demoulding

U, Magnitude

+2.530e+00
+1.897e+00
+1.265e+00
+6.325e-01
+3.469e-18

+7.58%e+00
+6.957e+00
+6.325e+00
+5.692e+00
+5.060e+00
+4.427e+00
+3.795e+00
+3.162e+00
=

After demoulding
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Workshop overview

Workshop part 1 (20 min.) Workshop part 2 (10 min.)
* la: Warm up
« Wh E
« 1b: Workshop AX’?ere do you see Empower

« What are the main obstacles for the implementation of (process)
simulations in current workflows?

* In your opinion, for which of your key challenges can process
simulation provide support?

* In your opinion and for your application: Where do you see the
highest benefit of the process simulation?

» Future Workshops

Identify current and future needs for simulation tools

i DLR
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