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Objectives and Measures

Reduction of the 

CO2 footprint

Cost reduction Reduction of scrap

rates

Reduction of the 

component weight
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- 30% - 20% - 95%- 40%

- Constructive

optimization

- Alloys of higher

strength

- Magnesium as a 

lightweight 

option

- Reduced

material usage

- Improved

manufacturing

processes

- High recycled

material content

- Optimized

aluminum

secondary

alloys

- Lightweight 

construction

- Vacural casting 

for magnesium 

as an improved 

production 

technology

- New mech. 

machining

solutions
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DESIGN METHODOLOGY
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Weaknesses of current digitized development processes 
for castings
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Step 2- Topology optimization

Proposal rib pattern

Step 1- Functional concept

Draft contour and design space

Step 3- Detail design

Casting design

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 design method
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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

Conventional design
σmax: -11%

Δs : -34%

σmax: -41%

Δs : -59%

σmax: -50%

Δs : -54%

Alternative designs

Effects
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Fx

Fy

Fz
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𝐾𝑡1 =
𝜎𝑚𝑎𝑥

𝜎𝑛
= 719

𝐾𝑡2=
𝜎𝑚𝑎𝑥

𝜎𝑛
= 302

𝐼𝑛𝑐𝑟𝑒𝑎𝑠𝑒𝑑 𝑐𝑦𝑐𝑙𝑒𝑠 𝑏𝑦 36 𝑡𝑖𝑚𝑒𝑠
𝑓𝑜𝑟 𝑎 𝑟𝑎𝑡𝑖𝑜 𝑜𝑓 𝑠𝑡𝑟𝑒𝑠𝑠 𝑓𝑎𝑐𝑡𝑜𝑟𝑠 = 1.72

𝐾𝑡1
𝐾𝑡2

= 2.38

[1]

[1] Claus Mattheck, Design in der Natur, Rombach Verlag, 1997,S. 265, ISBN: 3-7930-9150-310

Potentials of the design methodology for castings
Example: Lid with bearing under alternating load
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Component evolution gearbox cover
Stepwise optimization of the reference

Basic concept using the described design 

method
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• Bearing rings closed

• Variable sleeve as mounting point

• Air outlet rotated 90°
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Further iterative optimization through topology 
optimization and simulation

▪ Investigation of overload cases as well 

as tightness at the flange

▪ Automated analysis according to FKM 

guideline

Design for static strength

▪ Investigation of the loads occurring 

during operation

▪ Automated fatigue analysis according to 

FKM guideline

Design for operational strength

→ Optimization of the geometry

12 Forschungskuratorium Maschinenbau: Rechnerischer Festigkeitsnachweis für Maschinenbauteile, 6. überarbeitete Ausgabe. VDMA-Verlag, 2012, ISBN 978-3-8163-0605-4.Marc Rohrer, Elmar Beeh, Giovanni Piazza, LightMat 2023 

https://de.wikipedia.org/wiki/Spezial:ISBN-Suche/9783816306054


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

• 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)

• Ribs in wave form, 

additional for oil inlet

• Modified bolting points

• Stiffening of the flange
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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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Achievement of project objectives to date InDruTec- E

Reduction of the 

CO2 footprint
Cost reduction

Reduction of scrap

rates

Reduction of

component weight
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- 30% - 20% - 95%- 40%
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-38%/-54% > -40% > -60% T.b.d.
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PARTNER?  

PLEASE CONTACT US! CONTACT PERSONS ARE:
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Giovanni Piazza

+49 711 6862 - 8154 

Giovanni.Piazza@dlr.de

Marc Rohrer
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