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§ Precision engineering student at University of Applied Sciences in Jena, Germany

§ Beside/before study working as Lead mechanical design engineer for Skatedeluxe 

OHG, ThyssenKrupp Presta AG  and others

§ Focusing on additive manufacturing, generative design and lattice structures

Richard Kordass

§ 2014: M.Sc. in Mechanical Engineering

§ Since 2015: Research Assistant at Fraunhofer Institute for Machine Tools and 

Forming Technology (IWU), Branch Additive Manufacturing Processes

§ Focusing on LBM-Process Technology and optimization

Short introduction
Philipp Manger



Fraunhofer IWU in Profile



§ Part of the Fraunhofer Gesellschaft

§ Fraunhofer IWU:

§ Research under the heading 

“Resource-Efficient Production“

§ 3 scientific fields:

§ Mechatronics and Lightweight Structures

§ Additive Manufacturing Technologies

§ Forming Technology and Joining

§ Machine Tools, Production Systems and Machining

Profile of the 
Fraunhofer IWU

Chemnitz

Dresden

Zittau

Wolfsburg

Leipzigip

Wolf

69 Institutes in Germany

IWU Locations
Source: Fraunhofer IWU



Additive Manufacturing – Laser Beam Melting (LBM)



Additive manufacturing – Laser Beam Melting
process details

§ Complete local melting of the metal 

powder to a 99.5 - 100 % dense 

microstructure

§ Direct, single step process, creating 

parts out of series-like metallic 

material (+ removal of support 

structures and cleaning if necessary)

Principle sketch of a laser melting machine Schematic diagram of Selective Laser Melting



Material Condition
Tensile strength 

Rm [MPa]

Yield strength 

Rp0,2 [MPa]

Elongation 

A [%]

Hardness Modulus of

elasticity [GPa]

Tool steel 1

1.2709

X3NiCoMoTi 18 9 5

heat-treated 

(490 °C)

2.040 - 2.180 1.870 - 1.940 3 - 5 54 - 56 [HRC]

Tool steel

(stainless)

Corrax®

heat-treated

(525 °C)

1.700 1.600 > 2 48 - 50 [HRC]

stainless steel

1.4404

X2CrNiMo 17-12-2

as build 640 500 > 15 20 [HRC]

Titanium 4

3.7165

TiAl6V4

heat-treated 950 - 1.250 800 - 1.100 10 - 20 32 - 36 [HRC]

Aluminium 2

3.2381 

AlSi10Mg

as build

Annealed

T6 heat-treated

353 - 482

221 - 260

281 - 320

210 - 295

126 - 160

222 - 262

2 - 7

10 - 18

5 - 10

95 - 119 [HB]

63 - 74 [HB]

85 - 101 [HB]

67 - 78

57 - 73

69 - 80

Inconel 718 ³

2.4668 

NiCr19NbMo

as build

Annealed

T6 heat-treated

929 - 1308

896 - 1080

1334 - 1545

583 - 945

549 - 922

924 - 1278

20.2 - 32.7

31.9 - 42.2

6.6 - 19.4

280 - 395 [HV 10]

273 - 320 [HV 10]

453 - 485 [HV 10]

128 - 232

142 - 257

149 - 242

Additive manufacturing – Laser Beam Melting
materials

further available Materials : CoCr, 17-4 PH, 

AlSi12, Hastelloy X

Characteristic values acc. to:

1 VDI 3405 sheet 2 2VDI 3405 sheet 2.1

3 VDI 3405 sheet 2.2 4VDI 3405 sheet 2.4 in prep.



Background to Project T.O.S.T



§ Started as a private idea

§ Presented the concept sketches to a few companies on Rapid.Tech 2016

§ The Fraunhofer IWU then joined the project as partner

§ Helping with production knowhow and technology

§ research project about design for additive manufacturing in AGENT-3D

§ Shortly after Autodesk supported me as well 

§ Providing Netfabb Ultimate and Fusion 360

§ So it fast developed to a case study about hybrid design

§ T.O.S.T. is short for „Topology Optimized Skateboard Trucks“

Background to
Project T.O.S.T.
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Baseplate



§ demonstrably illustrate a new approach to lightweight designs by combining 

organic and lattice structures

§ development of a end-to-end workflow, using different new software tools for 

generative design in interaction with the laser beam melting

§ same — or higher — stiffness and less weight compared with trucks currently 

available on the market

§ Less parts (hanger and axle out of one material)

Study goals

Design criteria



Photo Credit



What means “Hybrid Design” in this context?



Topology optimization 
for skeleton like organic 

forms
(Level 1)

Lattice structure for the 
inside of these forms 

like in bones
(Level 2)

Include “Design for 

Additive 
Manufacturing” 

(Level X)

Hybrid Design means here to use optimization 
software to “copy nature” on different levels

Photo Source: https://static.turbosquid.com/ Photo Source: https://images.fineartamerica.com/



MAINPART - Hybrid design workflow



Seven points of AM product development
- A common workflow

ANALYZE

DESIGNPOSTPROCESS

SIMULATE

OPTIMIZE

BUILD

PREPARE



Seven points of AM product development
- The actual workflow while designing the hanger



1. ANALYZE



ANALYZE – Collect the approaching load cases



Ø This Data was used for the topology optimization

ANALYZE – Force determination for these load cases 
via a sensor box and weight distribution

a m

F = m*a





§ As benchmark a conventionally manufactured truck was chosen.

§ This Data was used to check the overall stiffness after the creation of the lattice

ANALYZE – Comparison to currently available trucks
through 3D Scans and experimental tests



2. DESIGN



DESIGN – Creating a parametric geometry & design 
space / Start for the topology optimization



3. OPTIMIZE 
(Level 1)



OPTIMIZE – Set up a shape optimization study from 
the collected load cases / Use of cloud solving

LE
V

E
L 

1



OPTIMIZE – Promote result from the shape 
optimization study

LE
V

E
L 

1



4. DESIGN
(Level 1)



DESIGN – Modifying the body according the result of 
the topology optimization

LE
V

E
L 

1

Ø Volume = Weight reduction about 65-70% compared to solid



5. ANALYZE
(Level X)



ANALYZE – Checking for the best build direction for 
the build process via LBM

LE
V

E
L 

X



6. DESIGN
(Level X)



DESIGN – Reducing the necessary build support / 
Creating “dripstones” and “lattice dripstones”

LE
V

E
L 

X



DESIGN – Preparing part for optimization via lattice 
structures / Creating inside / Adding shell openings 

LE
V

E
L 

X



7. PREPARE 
(Level 2)



PREPARE – Meshing the part for a FEA suitable mesh 
using Autodesk Simulation Mechanical

LE
V

E
L 

2



8. DESIGN
(Level 2)



DESIGN - Setting the options for the lattice generation 
/ defining skin surfaces / Modifying lattice

LE
V

E
L 

2

Ø Volume

reduction 

about 60% 

to solid 

organic form



DESIGN – Generating lattice dripstones for lightweight 
build support minimization on NO-tool access areas

LE
V

E
L 

2



9. SIMULATE
(Level 2)



SIMULATE - Setting up the loads for the FEA of the 
lattice and then for optimization

LE
V

E
L 

2



10. OPTIMIZE
(Level 2)



OPTIMIZE – Defining lattice optimization criteria / 
Starting with the iterations

LE
V

E
L 

2



OPTIMIZE – Final optimization result / Export lattice 
to Netfabb Ultimate for further process

LE
V

E
L 

2

Before:

1,34 mm

max. displ.

1431 MPa

max. stress

After:

+ 3% volume

1,20 mm

max. displ.

976 MPa

max. stress



11. PREPARE
(Level X)



PREPARE – Shell preparation for the build process in 
Fusion 360 / adding tooling clearance

LE
V

E
L 

X



PREPARE – Final combining the shell, optimized lattice 
and lattice dripstones for the build process

LE
V

E
L 

X



PREPARE – Final preparation for the build process / 
Support generating

LE
V

E
L 

X



12. SIMULATE
(Level X)



SIMULATE - Simulation of the build process using 
Netfabb Simulation Utility

LE
V

E
L 

X



13. BUILD



BUILD – Manufacturing of the parts at the 
Fraunhofer IWU on a ConceptLaser M2 Machine



Photo Credit



14. POSTPROCESS



POSTPROCESS - Heat treatment of the parts / removing 
from build plate and support structure 

1. heat treatment under vacuum atmosphere 

§ reduce the residual stress in the parts 

§ increase the elongation at break (~ 14% instead of ~ 6% as build)

2. removal from the build plate with wire EDM

3. manual removal of remaining support

4. CNC Turning of the hanger axel ends



Results – Workflow / Comparison to benchmark / Testing



Seven points of AM product development
- The workflow for successful hybrid design

ANALYZE

DESIGNPOSTPROCESS

SIMULATE

OPTIMIZE

BUILD

PREPARE

Ø Involve all points from start on!



Comparing weight, volume and max. displacement on 
the hanger to benchmark truck
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You can see both version of the trucks at the following booths:

Ø Fraunhofer Additive Manufacturing Alliance (3.0-F50)

Ø Autodesk (3.0-F70)

Ø GE - Concept Laser (3.0-E30)

Ø AGENT-3D (3.0-A65)




