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1. Production of fully auxeticstructures via SEBM 

Objectives

SelectiveElectronBeam Melting of AuxeticLattice
StructuresandPure Copper
Processing: Uni Erlangen
Design andtesting: Thales Alenia, MANC, CCFE ITER

2. Processing of pure copper and copper alloys via SEBM 



The Selective Electron Beam Melting



Auxetic Structures ïWhat is auxetic?
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Auxetic
(chiral)



Auxetic Structures ïEigenmode Analysis



Auxetic Structures ïExperimental pressure testing

Å9ȄǇŜǊƛƳŜƴǘŀƭ tƻƛǎǎƻƴΩǎ Ǌŀǘƛƻ -0.4
Å Mechanical measurement of lateral strain is prone to errors
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Auxetic Structures ïOptical strain measurement



Auxetic Structures ïCollaboration with MANC

ÅIn-situ compression testing with CT scanning

ÅAnlysis of three-dimensional deformation

ÅEvaluation of failure origin



Auxetic Structures ïCollaboration with Thales

ÅCooperation with Thales

ÅSetup of falling ball test apparatus

ÅEvaluation of damping properties of 
various auxetic structures 



Process Development with Copper ïMotivation

ÅCopper exhibits excellent thermal 

and electrical (~ 58 MS/m) 

conductivity

Å Possible application for efficient heat 

exchangers or micro reactors

Å Laser beam is not qualified for the 

melting process

Å No stable additive process for fully 

dense pure copper parts available



Process Development Copper ïMechanical 
Properties vs. Conductivity

[1] F. Pawlek und K. Reichel. ñDer Einfluss von Beimengungen auf die elektrische

Leitfªhigkeit von Kupferò. In: Zeitschrift für Metallkunde 47.6 (1956), S. 347ï356.
[2] https:// www.kupferinstitut.de/de/werkstoffe/eigenschaften/niedriglegierte-kupferwerkstoffe.html (31.05.2017)

Mechanical Properties

Å Copper is very ductile

Å Alloying elements can improve the 

mechanical properties and the 

weldability

Å Alloying elements decreases the 

conductivity

Å Oxide dispersion strengthened copper 

(ODS-Cu) has a good compromise 

between strength and conductivity
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Process Development ïExperimental Setup

50 µm

X mm

100 µm

Å Energy source: 

Å accelerating voltage: 60 kV (const.)

Å beam current: up to 50 mA

Å power: up to 3 kW

Å beam width (4ů): 400 µm

Å Process temperature:

Å 380-530

ÅWorking in a low pressure He-atmosphere  

(2·10-3 mbar)

Å Scan strategy:

Å Snake

Å Line order: 100 µm

Å Powder layer: 50 µm

EV= (PBeamϊ[)/(vBeamϊ A ϊ d)

EV: Volume energydensity
PBeam : Beam power
L : Total lengthof the melt line
vBeam: Scan speed
A: Melt area
D: Powderlayerthickness



Process Development with Oxide Dispersion 
Strengthened Copper 
Powder: Mechanical alloyed oxide dispersion

strengthened copper

+ Potential higher strength

+ Small decrease of conductivity

- Bad flowability

- Thick oxide layer

Å Successful production of samples

+No smoking

-Heavy degassing and sparkling


