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1 Introduction

,Das jahrliche Wachstum der CO,-Emissionen hat sich gegentber den 90er Jahren von 0,9
auf 3,5 Prozent verdreifacht. In keinem Teil der Welt gab es zwischen 2000 und 2008 einen

Rickgang der Schadstoffemissionen.”

Klimaforscher Christopher Field auf der Jahreskonferenz der Amerikanischen Vereinigung zur Férderung 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
tber 20% pro Jahr. Heutige Autos enthalten im Schnitt 3 Kilogramm Magnesium. In den

nachsten Jahren soll dieser Anteil auf 100 Kilogramm ansteigen.

Beffort, O; Rohr, L.: Magnesium-Verbundwerkstoffe — neue Leichtbauwerkstoffe fir das angehende Jahrhundert

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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1 Introduction

Technology platform for the use of wrought magnesium allo ys for vehicle
construction in the life cycle of a product (TeMakK)
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1 Introduction

Basematerial: AZ31
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2 Outline of the reviewed methods

Reviewed joining methods

Thermal joining methods

Mechanical joining methods

Arc welding

MIG welding
Conventional MIG welding
Cold-arc welding
CMT welding

T1G 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
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3.1 Laser beam welding Process analysis

| 1] dmo... 5400 fps

frame : -7520

Laser + filler Laser-MIG-hybrid
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3.1 Laser beam welding

Parameter window for laser beam welding

with filler material
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3.1 Laser beam welding

Gap bridging

Butt joint

laser beam welding

laser beam welding
with filler material

laser MIG hybrid
welding

bs max = 0,1 mm

bs,max =0,7 mm

bs max = 0,7 mm

1000 pm

Lap joint with:
fillet weld

laser beam welding

laser beam welding
with filler material

laser MIG hybrid
welding

square-groove weld

bs,max =0,2 mm

bs max = 0,7 mm

bs,max =0,7 mm

Laserstrahlschweilen

bs,max =0,2 mm
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3.1 Laser beam welding

Weld quality

Qualification according to DIN EN ISO 13919-2:2001
Quality class B Laser beam DIN EN ISO
Laser beam welding welding with ! IB?'isde:ngi?n Fully mechanical | 160422005
. Iregularity, Limiting filler material y 9 THEAER.NIOKL Dal quality class B
No. Figure Description value
] Weld area b=1,14 mm b =2,64 mm b =3,70 mm b=6,70 mm
0 AR o n/a e T o ) n/a
) YA weld width A=2,01mm?2 A=7,16 mm? A=7,14 mm2 A= 26,76 mm?
1;=0,15 mm
. 1 Porosity 1<057mm | 1,=0,17 mm neng Rene nana d <0,38 mm
o &"% - andpores  |f<3% f<1%
1 :%@Z‘: Edge notches |h <0,10 mm h=0,19 mm
' none none none none max. 0,5 mm
12 % @; Convexity |h<049mm| h=0,12mm h = 0,86 mm h=0,76 mm h=0,76 mm .= 13 il
' B none D
13 | ¢ -, | Root convexity |h = 0,49 mm h=0,09 mm h=0,71 mm h =0,69 mm h =2,46 mm h<3mm
sl WS only with only with
20 |t | Weld spatter n/a none maladjusted maladjusted n/a
- parameters parameters
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3.1 Laser beam welding

Tensile properties, butt joint

Base
material
Rm2 100 %
R, 100 %
Acomm 100 %

Laser

91,9 %
96,0 %
49,8 %

Laser + Laser MIG

filler hybrid e
90,5 % 88,8 % 80,3 %
96,1 % 89,9 % 89,3 %
41,2 % 27.0 % 27.7 %
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3.1 Laser beam welding

Tensile properties, lap joint

theor [MPa]
” [MPa]

V/ theor [%]

Laser
(square-
groove weld)
147,3
76,5
51,9

Laser
(fillet weld)

147,3
85,6
58,1

: Laser MIG
Laser + filler hybrid
147 .4 137,7
108,5 113,7
73,6 82,6
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3.1 Laser beam welding Fatigue resistance
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3.2 Cold-arc welding / CMT welding Cold-arc and CMT welding

Process principle

Cold-arc welding CMT welding

Quelle: Fronius

-]
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3.2 Cold-arc welding / CMT welding

Cold-arc and CMT welding

Verfahrensvergleich Werkstoff AZ31t=1,9 mm Cold-Arc-Schweil3en CMT-Schweil3en
Merkmal, Benennung Einheit
Schweil3spannung Vg V 19,3 11,8
SchweiBstrom Ig A 74 136
Prozess- Drahtgeschwindigkeit v, m/min 7,7 9,8
parameter
SchweiRgeschwindigkeit cm/min 120 132
Streckenenergie Eg kd/m 70 70
Nahtgite Makroschliff
und
Eigenschaften
der
Verbindung Nahttberhéhung (DIN EN SO 10042) mm 15 1.2
B  Bewertungsgruppe B
Wurzeluberhéhung (DIN EN ISO 10042) | mm 1,0 1,0
R/ Ry MPa 183 /157 181/ 126
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3.3 Resistance spot welding Delta spot welding

Process principle

Tongs —

Electrodes —

T

Process strip

/

Dr. Riedel
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3.3 Resistance spot welding

Parameters, weld quality, strength

Conventional resistance spot welding

Delta spot welding

Dr. Riedel

© Fraunhofer IWU
Prof. Neugebauer

17

~ Fraunhofer

IWu

\



3.4 Clinching without die Clinching

RIVCLINCH®

TOX® Clinching
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Main problems of conventional
3.4 Clinching without die clinching of magnesium materials

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

Formability  of magnesium is low at room temperature
Formability can be significantly improved at over 220 C

Dr. Riedel
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3.4 Clinching without die Principal of clinching without die
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Comparison of the stress distribution in the
3.4 Clinching without die 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

TOX Clinching Clinching without die

Stress distribution (FEM simulation) in the joining region

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

Dr. Riedel
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Heat distribution in the joining region during
3.4 Clinching without die cIinching without die

Basematerials:
ram side: AIMg3, t = 1,0 mm
anvil side: AZ31,t=1.3 mm

Dr. Riedel
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o , Clinching without die of magnesium joints
3.4 Clinching without die

Joining without heating

Foro

Basematerials:

ram side: AIMg3,t=1,0 mm
anvil side : AZ31,t=1,3 mm

Joining with heated anvil

Dr. Riedel
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Clinching without die of magnesium joints

3.4 Clinching without die

Clinch joint without die (dg = 6 mm)

Materials can be joined without dwell time to heat the par

H340 sheet
t=1,2 mm

AZ91 die casting
t=1,9 mm

Dr. Riedel
25

© Fraunhofer IWU
Prof. Neugebauer

\

~ Fraunhofer

IWu



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

Laser beam welding with filler

Thermography analysis Welding simulation

Dr. Riedel
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4 Welding of magnesium doors Welding of the demonstrator

- CAD-Model

L S

Tailored-Blanks
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4 Welding of magnesium doors Welding of the demonstrator
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4 Welding of magnesium doors Welding of the demonstrator
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5 Summary and outlook

Comparison of welding prosesses
cross-section /specific energy
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Thank you very much

for your attention.
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