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Introduction

* M.Sc. Naval Architecture and Ocean Engineering at TU Berlin

« 2018 - 2021
Research engineer in Design for Additive Manufacturing at Siemens
Energy

 WP-Lead HTA.AM-3 (AM-specific design optimization)

* Since 2022
Technical Product Manager for
Simcenter Additive Manufacturing Simulation at
Siemens Digital Industries Software




WvSC and the HTA program

N
. Werner-von-Siemens Centre
for Industry and Science

: ﬂ 3 Research fields
% 2 UEhilE2 ‘i 12 Work-packages

total budget s 73 Sub work-packages

SIEMENS =
Digitalisierung e n e r G\/ Za Fraun hOfe r BA M .
@
ﬁ g Additive Manufacturing
3, < .4:;{) tris B CONTACT
g E Neue Materialien I:‘?f"m“ measurements Software S I E M E N s
(=]
c
2 Neue Technologiefelder & o~
2 CellCore -
lE BIOMIMETIC ENGINEERING FRIENDSHIP SYSTEMS

Professuren, akademische Lehre

Technologien
Aus- und Weiterbildung

Labore und Infrastruktur

This work has been partially financed

by the European Regional
Development Fund (ERDF), ProFIT HTA

HTA = Hochtemperatur-Anwendungen

MRO = Maintenance, Repair, Overhaul ) High Temperature, Application No.
EUROPAISCHE UNION 1 31 o510
Europdischer Sozialfonds

Neue Arbeitsformen

EA = Elektrische Antriebstechnik

* 5 *
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AM-specific design optimization (HTA.AM-3)
Overview

4 )

HTA.AM3.1 L-PBF Process Simulation
Integration of macro- and mesoscale L-PBF
m— simulation for Haynes 282 into the design
process for component and support structures

J

HTA.AM3.2 Multi-criteria optimization
Integration of H282 L-PBF process boundaries
) into automated design optimization tools to
improve DfAM for component and support

structures

HTA.AM3.3/4 New cooling structures
Development of new cooling structures for In-

m— and On-wall cooling of combustion

components to improve efficiency

- /
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(HTA Use Case)




L-PBF process simulation
Oon a macro-scale
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L-PBF process simulation
Introduction

Problem

« The powder bed fusion process induces ;
thermal shrinkage and hence thermo- Recoater
mechanical stress in each printed layer Collision

« That stress can cause the part to distort
during the printing process

« Large distortions may lead to a fatal
recoater crash or to a final part
geometry that is out of part specification

Support
Failure

Overheating

Solution Shrinklines

* With Simcenter for PBF we simulate
these distortions and allow users to
either change build job design or to
change part geometry by compensating
the distortion
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L-PBF process simulation
Simcenter PBF and Advanced PBF Solution

Simcenter PBF Simcenter Advanced PBF

» Voxel-based mesh
» Purely mechanical solution

« Easy to use for non-CAE
engineers

« Tetrahedral mesh based
 Thermal + Mechanical simulation
Full Simcenter Pre/Post
functionality for CAE engineers
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L-PBF process simulation
Compensation with CAESES and Simcenter

Problem

Both, solutions generate distortion and compensation results
based on the FE model (voxel- or tet-mesh). These models
are very rough and can not directly be printed in that state.

Solution

The distortion and/or compensation results can be extracted
and used in CAESES to morph the original B-Rep solid
model to fit the compensation results of the simulation.

The resulting solid model then can be sent to the PBF
printer.
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AM-specific cooling structure designs
for high temperature applications (HTA.AM-3)
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AM-specific design optimization (HTA.AM-3)
Pilot Cone Use Case

Cooling air / pilot air Internal cooling air channel

= — Turning point

(1 of 54)

Pilot flame

Fuel Pilot burner
axial swirler
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AM-specific design optimization (HTA.AM-3)
Gyroid structured wall

Velocity

Volume Rendering 1

Baseline (~0Q9) — Base Concept Gyroid Structure Conzept (~1¢3)

K]

E%mgﬁﬁture B 7 Wall Heat Transfer ngfrﬂgiuern;
- 1230.00 7000.00
1180.00
1130.00 6000.00
- 1080.00 5000.00
1030.00
630,00 4000.00
930.00 3000.00
880.00 2000.00
830.00 .
780.00 - 1000.00
730.00 " .:J 000

W mA-2 KA-1]
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AM-specific design optimization (HTA.AM-3)
Surface augmentation for cooling and hybrid coating
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584.32 l
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AM-specific design optimization (HTA.AM-3)
Effusion cooling via Designed Materials
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AM-specific design optimization (HTA.AM-3)
Adaptive channel cross-section

Standard round channel Adaptive channel cross-section

Wall Heat Transfer Gilefi
Contour 5

4.11e-03
H 3.73e-03

3.35e-0,

2.97e

L 260
il
iz

width = 2.0 width = 2.0

area=1.0m rea=1.0T
circumference = 4.0 1t

circumference=2.0 1

—> Fully parametric channel geometry optimization through CAESES
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AM-specific design optimization (HTA.AM-3)
Manufacturability tests

it "_fq’,
#1535 pmi ;4 1647 pm ‘1’(’ A
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Are you a student in engineering and interested in #simulation and
#additivemanufacturing? Then you should come join us!

Our product management team is looking for a student to support us in
developing our Simcenter Additive Manufacturing simulation tools!

SIEMENS

Thanks! Questions?

Product Management

Berlin, Germany
Software
Req ID: 330796

Apply for Working Student (m/f/d) Product Management at Berlin, Germany
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Disclaimer

© Siemens 2022

Subject to changes and errors. The information given in this document
only contains general descriptions and/or performance features which
may not always specifically reflect those described, or which may
undergo modification in the course of further development of the
products. The requested performance features are binding only when
they are expressly agreed upon in the concluded contract.

All product designations may be trademarks or other rights of

Siemens AG, its affiliated companies or other companies whose use by
third parties for their own purposes could violate the rights of the
respective owner.
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