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Objectives and Measures

Obijectives

Reduction of the Cost reduction Reduction of the Reduction of scrap
component weight CO, footprint rates

- Constructive - Reduced Optimized Vacural casting
optimization material usage aluminum {o] magnesium

- Alloys of higher Improved secondary as an |mproved
strength manufacturing alloys production

- Magnesium as a processes Lightweight technology
lightweight High recycled construction New mech.

option material content machining
solutions

Measures
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Weaknesses of current digitized development processes #7
for castings DLR

Step 1- Functional concept Step 2- Topology optimization

Step 3- Detail design
Casting design

Draft contour and design space Proposal rib pattern

S

Problem: The effects of specifications from the first step "function concept”
for the design space of the topology optimization is often strongly
underestimated.
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Improved designh method

Step 1- Functional concept Step 2- Topology optimization
Draft contour and design space Proposal rib pattern

DLR

Step 3- Detail design
Casting design

1. Accurate (manual) analysis of the

force vectors in different load cases. 2. construction of a functional . ——
model suitable for the load path 3. fine optimization through

topology optimization
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Potentials of the design methodology for castings
Example: Lid with bearing under alternating load

Von Mises stress (nodal values).2

Von Mises stress (nodal values).2 N_m2

y Conventional design il Alternative designs |-

1.1%e+06 9.35e+05
1.0de+06 8.02e+05
8.84e+05 6.6%e+05
7 45e+05 l 5.36e+05
5.96e+05 4.03e+05
448e+05 27e+05
2.9%+05 I 1.37e+05
| 151e+05 4.3%e+03
2.07e+03 On Boundary
On Beundary

Von Mises stress (nodal values).2

Von Mises stress (nodal values).1 N_m2
N_m2 1.16e+06
1.96e+06 I 1.04e+06
1.77e+06 9.28e+05
1.57e+06 8.12e+05
1.38e+06 6.96e+05
1.18e+06 5.8e+05
9.83e+05 464e+05
7.86e+05 3.4Be+05
59405 | 1 232405
2948008 X I 1.16e+05
I 1.97e+05 179
764 On Boundary

On Boundary

Von Mises stress (nodal values) 2

Von Mises stress (nodal values).2 N m2
N_m2 1.13e+06

2.25e+06 1.01e+06

' 2.03e+06 ' 9.02e+05
1.8e+06 7.8%+05
1.58e+06 6.77e+05
1.35e+06 L 564e+05
1.13e+06 452¢+05
9.04e+05 3.3%+05
6.79+05 L 2276405
4.54e+05 I 1.14e+05

I 2.29e+05 1.5e+03
4.13e+03 On Boundary

On Boundary
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Potentials of the design methodology for castings

Example: Lid with bearing under alternating load DLR

Yon Mises stress (nodal values).2
N_m2
1.49e+06
I 1.34e+06
1.19e+06
1.04e+06
8.94e+05
7.45e+05
5.96e+05
4.48e+05
2.99%+05
I 1.51e+05
2.07e+03
On Boundary

No Failure after
90. 000. 000 cycles

Von Mises stress (nodal values).2 t1 — 2 3 8
N_m2 K "
1.33e+06 t2

I 1.2e+06
1.07e+06
9.35e+05
8.02e+05
6.69e+05
5.36e+05
4.03e+05
2.7e+05
I 1.37e+05
4.3%e+03
On Boundary

Failure after
2.500. 000 cycles
4 [1]
Increased cycles by 36 times
for aratio of stress factors = 1.72

O-max

On

Kyp= =302

Marc Rohrer, Elmar Beeh, Giovanni Piazza, LightMat 2023 [1] Claus Mattheck, Design in der Natur, Rombach Verlag, 1997,S. 265, ISBN: 3-7930-9150-3




Component evolution gearbox cover #
DLR

Stepwise optimization of the reference

Bearing rings closed

Variable sleeve as mounting point

Air outlet rotated 90°

Basic concept using the described design
method
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Further iterative optimization through topology
optimization and simulation iR

. . Contour Plot 1: Al-Coast_100_V7'
Stress(vonMises) Loadcase 1:Time =5.000000 : Frame 4
Design for static strength ok et

» Investigation of overload cases as well ! 3
as tightness at the flange Bovwr
. . 0.034 — 3\
= Automated analysis according to FKM [ooo |
guideline oo (OO . 4

ELEMENT _SOLID 100816713;

Design for operational strength f-
.{' "

» [nvestigation of the loads occurring ' 4 \
during operation

= Automated fatigue analysis according to
FKM guideline ,

—> Optimization of the geometry P

Forschungskuratorium Maschinenbau: Rechnerischer Festigkeitsnachweis fiir Maschinenbauteile, 6. tiberarbeitete Ausgabe. VDMA-Verlag, 2012, ISBN 978-3-8163-0605-4.
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https://de.wikipedia.org/wiki/Spezial:ISBN-Suche/9783816306054

Component evolution gearbox cover
Third optimization of the reference (aluminum)

S

|
-
3
R

)

Local surface thickening
Ribs in wave form
Modified bolting points
Stiffening of the flange
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Component evolution gearbox cover
Third optimization of the reference (magnesium)
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Ribs in wave form,
additional for oil inlet

Modified bolting points
Stiffening of the flange




Component evolution gearbox cover
Result overview

\

Results of the application of the design method:

_ Reference component weight in aluminum: 2.5 kg
Optimized component in aluminum variant: 1.55 kg (-38%)

Optimized component in magnesium variant: 1.15 kg (-54%)
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Reduction of the
CO, footprint

-38%/-54%

Marc Rohrer, EImar Beeh, Giovanni Piazza, LightMat 2023




THANK YOU FOR YOUR ATTENTION




QUESTIONS, PROJECT IDEAS OR INTERESTFAS'A PROJECT
PARTNER? .
PLEASE CONTACT US! CONTACT PERSONS ARE:
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