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Lightweight Alloys: Weight Reduction and Energy Efficiency

In recent years, the pressure to improve energy efficiency and reduce
environmental impact has been transforming the automotive and aerospace
industries.

Aluminum, magnesium, and titanium alloys, with excellent specific strength,
stiffness, and cost-effectiveness, play an essential role in the present and future
of these industries. WA
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Use of Recyclable Materials and Eco-efficient Processes
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New Trends in Manufacturing

The use of new processes, or "hybrid" processes, to work with
lightweight alloys is increasingly becoming a necessity.

Achieving lightweight components requires a holistic approach,
combining materials science, engineering design, and innovative
manufacturing technologies tailored for the "new" manufacturing
era.

Aluminum and magnesium alloys play a crucial role in this strategy
due to their advantageous properties and versatility.
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MNP
Lightweight Alloys: Weight Reduction and Energy Efficiency .

The evolution of aluminum in the European automotive industry can be
divided into four phases:

1980: Powertrain use: engine blocks and transmissions.

1990-2005: Expansion to body panels (hoods, doors, roofs) using
5000/6000 series alloys, joined by laser welding, adhesives, and rivets.

2010-2020: Manufacturing  structural components  (pillars,
suspensions) with ultra-high-strength alloys via casting.

Present and Future: Vehicles with aluminum and magnesium alloy
components, optimized for battery weight, driven by electrification and
space frame design.
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Ultrasound-Assisted Liquid Metal Treatment

.. US equipment set up in the foundry environment
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Ultrasound-Assisted Liquid Metal Treatment

... Cavitation in Metallurgy

Ultrasonic transducer syttem
w3

Sailon tube

sonotrode ‘\

Sub-fraction
cavitations

\
w
..

el
w

surface erosion

Supersonic microjet  Cavitation bubble  Filling the void by High compressive Cavitation bubble
generation implosion surrounding fluid pressure fluid formation and Expansion

Lamb wave
propagation

Cavitation .
bubbles <+ U <

/ .

Homogenous .

Microparticle tracers

W

% N g
Fora vt r e ey et ey

(s/ur) A)100[oA

£,

media

Particle image velocimetry

Acoustic cavitation and streaming analysis

© MP Interconsulting || Marais 36, 2400 Le Locle, Switzerland ||www.UltrasonicsWorldGroup.com || mpi@mpi-ultrasonics.com

’Tlpi UkiGSONCIN



http://www.ultrasonicsworldgroup.com/
mailto:mpi@mpi-ultrasonics.com

mpi UkGsONICIN
Ultrasound-Assisted Liquid Metal Treatment *

From laboratory research...

Time Degassing
PO ros Ity US US + Translation
Porosity in Samples
Degassing Solidified in Vacuum
y Avg._ Pore Count (-)

S Omin___ No degassing 258232
Argon 172+16

3 min Us 39+18

US + Translation 80<£15

Argon 60+21

o min 9 min UsS : 28+14
US + Translation 34+15
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Ultrasound-Assisted Liquid Metal Treatment

From laboratory research...

Isothermal Process (AT = 0 °C)
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UItrasomc treated melt in the (@ M1, (b) M2 and (c) M3 modules.
Non-treated melt in the (d) M1, (e) M2 and (f) M3 modules.

120

Furnace . B Non-treated

100 F N US treated

(@) Application of SIAION sonotrode in the melt, (b) mold and (c) cast specimen.

80 |

AlSi7TMg alloy 7 !
T=700°C
US MMM with f = 19.8+0.4 kHz of
P=400W
! M1 M2 M3

Characterization of eutectic Si
00

10

Eutectic Si Area (umz)

=]

MP Interconsulting || Marais 36, 2400 Le Locle, Switzerland ||www.UltrasonicsWorldGroup.com || mpi@mpi-ultrasonics.com


http://www.ultrasonicsworldgroup.com/
mailto:mpi@mpi-ultrasonics.com

Ultrasound-Assisted Liquid Metal Treatment

From laboratory research...

Continuous Process

Set-up. (1) PZT transducer, booster and waveguide; (2)
Steel mold; (3) and compression springs; (4) sample.
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Samples Processing conditions Pl SANLR Y ,‘_'- Y B,
A No US treatment .
US-treatment [Start] US-treatment [End] Description SEM mlcrographs of the morphology of the fragmented
B Before pouring 635 °C + 5 °C Fully above liquidus eutectic silicon of (a) and (b) sample A; (c) and (d) sample
C 630°C +5°C 550 °C £ 5 °C Near-liqguidus—bellow solidus B’ (e) and (f) samp|e C (magnification X 1000 and X 3000)
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Ultrasound-Assisted Liquid Metal Treatment

From laboratory research...
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Dynamic Stirring rotation

available for degassing of aluminum alloys in a
furnace / crucible
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Ultrasound-Assisted Liquid Metal Treatment -

From laboratory research... to industrial application!

Die Casting Gravity

AISi7Mg alloy

T=700°C

US MMM with f=19.8%0.4
kHz

P=600W

Danin 3.min
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Ultrasound-Assisted Liquid Metal Treatment
From laboratory research... to industrial application!

Rheocasting

B UTS [MPa] E2YS [MPa] B El [%]

300
250
200
150
AISi7Mg alloy
100 & 5 T =700 - 680 °C
5 ¥ x ON=5s/0OFF=2s
& N US MMM with f=19.8+0.4 kHz
0 —— = P =600 W

Reference

Desnsity-ldex (Ladle 2 kg) = 0.8 - 1.0
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Ultrasound-Assisted Liquid Metal Treatment

From laboratory research... to industrial application!

High Pressure Die Casting
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Ultrasound-Assisted Liquid Metal Treatment

From laboratory research... to industrial application! .

Continuous Casting (Twin-Roll)
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From laboratory research... to industrial application!

Continuous Casting (Twin-Roll)
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Casting magnesium alloys...
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Ultrasound-Assisted Liquid Metal Treatment “

Casting magnesium alloys...
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Conclusions and Future Perspectives e

Lightweight alloy production is evolving, driven by technological advancements and demand for efficient,
sustainable materials.

Processes like ultrasonic melt treatment ensure desired properties. Innovations melt treatment, advanced
alloys, sustainable processes, and digitalization are transforming the industry, meeting automotive and
aerospace demands while improving efficiency and sustainability.

The continuous advancements in materials and processes are driving technological progress and
enhancing global competitiveness.
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Applicant: Prokic Miodrag, MP Interconsulting, 5.03.2001 - 11.09.2002
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