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1    Introduction

Magnesium alloys still have a huge potential in lightw eight vehicle
production despite various problems in processing and pr operties

of the product!
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„Das jährliche Wachstum der CO2-Emissionen hat sich gegenüber den 90er Jahren von 0,9 

auf 3,5 Prozent verdreifacht. In keinem Teil der Welt gab es zwischen 2000 und 2008 einen 

Rückgang der Schadstoffemissionen.“
Klimaforscher Christopher Field auf der Jahreskonferenz der Amerikanischen Vereinigung zur Förderung der Wissenschaft (AAAS)

In den 90er Jahren nahm der Magnesiumverbrauch in der Automobilindustrie von 23.000 

Tonnen auf 90.000 Tonnen pro Jahr zu – bei einer durchschnittlichen Wachstumsrate von 

über 20% pro Jahr. Heutige Autos enthalten im Schnitt 3 Kilogramm Magnesium. In den 

nächsten Jahren soll dieser Anteil auf 100 Kilogramm ansteigen.
Beffort, O; Rohr, L.: Magnesium-Verbundwerkstoffe – neue Leichtbauwerkstoffe für das angehende Jahrhundert
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Technology platform for the use of wrought magnesium allo ys for vehicle
construction in the life cycle of a product (TeMaK)

1    Introduction
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Basematerial: AZ31

1    Introduction



6

Dr. Riedel

© Fraunhofer IWU

Prof. Neugebauer

2    Outline of the reviewed methods Reviewed joining methods

Arc welding
� MIG welding

� Conventional MIG welding
� Cold-arc welding
� CMT welding

� TIG welding
� Plasma welding
� Plasma-MIG welding

Beam welding
� Laser welding
� Laser-MIG welding

Pressure welding
� Resistance spot welding (RSW)

� Conventional RSW
� Delta spot welding

Joining by forming
� Clinching without die
� Impulse joining

Thermal joining methods Mechanical joining methods
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Process analysis3.1  Laser beam welding

Laser + filler Laser-MIG-hybrid
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Parameter window for laser beam welding
with filler material3.1  Laser beam welding
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Gap bridging

Butt joint

Lap joint with:
fillet weld square-groove weld

3.1  Laser beam welding
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Weld quality
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3.1  Laser beam welding
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Tensile properties, butt joint

27,7 %27,0 %41,2 %49,8 %100 %A50mm

89,3 %89,9 %96,1 %96,0 %100 %Rm

80,3 %88,8 %90,5 %91,9 %100 %Rp0,2

MIGLaser MIG 
hybrid

Laser + 
fillerLaserBase 

material

3.1  Laser beam welding
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Tensile properties, lap joint

82,673,658,151,9� V/� theor [%]
113,7108,585,676,5� V [MPa]
137,7147,4147,3147,3� theor [MPa]

Laser MIG 
hybridLaser + fillerLaser 

(fillet weld)

Laser 
(square-

groove weld)

3.1  Laser beam welding
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Fatigue resistance3.1  Laser beam welding
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Cold-arc and CMT welding3.2  Cold-arc welding / CMT welding

Process principle

Cold-arc welding CMT welding

Quelle: EWM

Quelle: Fronius
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Cold-arc and CMT welding

132120cm/minSchweißgeschwindigkeit

1,61,3mmWurzelüberhöhung (DIN EN ISO 10042)

181 / 126183 / 157MPaRm / Rp0,2

1,21,5mmNahtüberhöhung (DIN EN ISO 10042)

Makroschliff
Nahtgüte

und 

Eigenschaften 

der 

Verbindung

7070kJ/mStreckenenergie ES

9,87,7m/minDrahtgeschwindigkeit vD

13674ASchweißstrom IS

11,819,3VSchweißspannung VS

Prozess-

parameter

EinheitMerkmal, Benennung

CMT-SchweißenCold-Arc-SchweißenVerfahrensvergleich  Werkstoff AZ31 t = 1,9 mm

3.2  Cold-arc welding / CMT welding

B     Bewertungsgruppe B
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Delta spot welding3.3  Resistance spot welding

Process principle

Process strip

Electrodes

Tongs
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Parameters, weld quality, strength3.3  Resistance spot welding

Delta spot weldingConventional resistance spot welding
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3.4  Clinching without die Clinching

TOX© Clinching

RIVCLINCH©
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Main problems of conventional
clinching of magnesium materials

� Formability of magnesium is low at room temperature

� Formability can be significantly improved at over 220 °C

� Tensile stress in the material at the contoured counter tool induces cracking in 
magnesium

Maximum principal stresses
(FEM simulation) in the joining
region when TOX Clinching is
used

3.4  Clinching without die
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Principal of clinching without die
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3.4  Clinching without die
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Comparison of the stress distribution in the
joint with different clinching methods

Stress distribution in the anvil side part is better...

��� � ... because the fraction of compressive stress influenc e in the joining
process

Stress distribution (FEM simulation) in the joining region

TOX Clinching Clinching without die

3.4  Clinching without die
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Replacement of conventional clinch dies 
for a flat anvil
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3.4  Clinching without die



23

Dr. Riedel

© Fraunhofer IWU

Prof. Neugebauer

Heat distribution in the joining region during
clinching without die

Basematerials:

ram side: AlMg3, t = 1,0 mm
anvil side: AZ31, t = 1.3 mm

3.4  Clinching without die
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Clinching without die of magnesium joints

Basematerials:

ram side: AlMg3, t = 1,0 mm 
anvil side : AZ31, t = 1,3 mm

� Joining with heated anvil

� Joining without heating

3.4  Clinching without die
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Clinch joint without die (dS = 6 mm)

��� � Materials can be joined without dwell time to heat the par ts

H340 sheet
t = 1,2 mm 

AZ91 die casting
t = 1,9 mm 

3.4  Clinching without die
Clinching without die of magnesium joints
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Laser beam welding with filler

Thermography analysis Welding simulation

Numerical simulation of the welding process of
tailored-blanks for the welding distortion assessment4    Welding of magnesium doors
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4    Welding of magnesium doors Welding of the demonstrator

CAD-Model

Tailored-Blanks

deep-drawed exterior and inside part

t = 1,9 mmt = 1,2 mm

A - AA

A A
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Welding of the demonstrator4    Welding of magnesium doors
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Welding of the demonstrator4    Welding of magnesium doors
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5    Summary and outlook
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Thank you very much

for your attention.


