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Innovation in complex
aluminium automotive
components
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Our products enhance drive and structure
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Core Distortion : 1/2013 - 3/2016
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Melt Cleanliness: 1/2013-12/2016

Property Prediction: 4/2016 - 3/2019
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Hollow Structural Components: 1/2016 - 12/2018

Xl
Topic: Heat Treatment of Cast Alloys and Prediction of Final Properties
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Institute

of
Physical Metallurgy
and Metal Physics

Detailed of the heat process of castings has the potential to lower

the energy during heat . take full of the material’s potential and increase the

competitiveness of the casting industry in general.

Method: Extension of an existing quenching model enabled by a new i setup. D
new advanced aging model by analysis of artificially aged specimens and correlation with mechanical
properties.

Scope: New heat treatment model! is available and applied for at least one casting.

Status: Work Packages preliminary defined, project cost and
individual contributions evaluation is ongoing

WP1 Literature review: state-of-the-art HT-models
WP2 Production of quenched samples

WP3 Nanomodeling

WP4 Micro- to mesomodeling

WP5 Validation of process simulation

Duration: 04/2016 — 03/2019
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Motivation

Tha paseenger car's body-in-white (PC's BIW), malnly m3dz of steal, contrdutas Wit a ratio of up to 20 % &igni-
ficantly to the car's curd welght offering 3 Iarg2 waight reducyon potential. The ovarall motvation of e project P10
(2016/01 - 2018/12) Is tha sudstitution of weidad shzet components of 3 FC's SIW (2.9 Torqua bax’) by 3 hollow
HPOC Aletuctural component (SC) exnidiing 2n INcra3sed elifnzss 3nd function Int2gration 3t a lowar unit waignt
In cOmparson to te ceAventional stesl 3pproach. Besiges the resulting dacra3sed fual consumption the successtul

of mMis typs of In e PCe SIW Wil l23d to Icre3sed drving oynamics and
parformancs without 088 of s3faty.

Design Process /
How to d26ign a crash-ralevant HPDC A-SC for lts cost-2ffective integration In
2Ce 5V
» Design guidzline for the Integration of nollow HPDC ARSC 1 FC's BAW.
» Potertial of holow HPDC A-SC for 5IW regarding function Intagration,
20uction, crash benavior, and cost ]

Core Production
How 1o 3d3pt and elmulate the HADC process to produca complex. high qualty
sai cores”?

> Proguction- and materal-related ras¥rictions re;amlng he core’s complaxity.

> Optimization and validation of tha salt’s chemical composition.

> Thermo-phyeical properties of the focused salts.

AIZSL

=ow 10 303pt the HPDC process 1 Lee 1arge &3 0orse 3nd 1 achiave Max

ALSC qualry?

> Infuencs of the large ealt core on flow and moid Aling abillty, micreetusture,
3nd etatic ana dynamic mechanical propartise.

» Producticn-reited raetrictions regarding tne c3sting's complexty.

Which 15 the moet suRabie |oining proc2ss and how Is It optimal parametar
2tling to joln complex, ‘eak core-InfiLanced’, nallow. HADC AI-SC In BC'S BIWT
> Infiuance Joining procsee on MICrostruCtLre 3nd Mecharical propartise,

» Design ruies to pesison M Joint of the Al-SC and remaning steel SV

> Maximum Joining spaed and qualy.

New process chaln for the Infsgration of hollow, complex HPDC Al-
structural componants In 3 passenger car's body-in-white le avallabie.
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Hollow Structural Components in HPDC

(AMAP P10)
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Motivation

Introduction of Hollow Structural Components...

IIHS https://www.youtube.com/w atch?v=2apWN173D4A Car Throttle https:/www.youtube.com/watc h?v=3ftRFmsxOTA
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Hollow Structural Components in HPDC — Market Situation
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Steel body structure represents > 20 % of the vehicle weight
- high weight-saving potential of Al-components

Safety: Aluminum tube-shaped HPDC parts are equal stiff or even stiffer in
bending than steel tubes’

Development of hollow HPDC Al-castings for passenger car BIW targets for™:

significant weight reduction

reduced manufacturing steps

higher design flexibility

enhanced performance, handling and NVH of the vehicle
lower cost

Source: Randy Beals, Jeff Conklin, Tim Skszek, Matt Zaluzec, David Wagner (Magna, Ford): Aluminum High Pressure Vacuum Die
Casting Applications for the Multi Material Lightweight Vehicle Program Body Structure, Light Metals 2015, Eds: Margaret Hyland, pp. 215-221



Potential HPDC Car Body Structural Parts

® |nred:
= Front shock tower*
= Front kick-down*
= Door hinge pillar*
= Rear mid rail*

® |n Dblue:
= B-pillarassembly

¢ Doors & closures

Ford Mondeo 2013*

Front ‘torque box"* Door hinge pillar* Rear mid rail* Rear ‘torque box'

/Q *Source: Randy Beals, Jeff Conklin, Tim Skszek, Matt Zaluzec, David Wagner (Magna, Ford): Aluminum High Pressure Vacuum Die
nemak Casting Applications for the Multi Material Lightweight Vehicle Program Body Structure, Light Metals 2015, Eds: Margaret Hyland, pp. 215-221 10



Current Status for Production and Application of Hollow
Cast Components

e Design rules for hollow cast Al-componets for application in BIW parts need to
be developed

¢ Joining techniques for the integration of Aluminium and steel components to be
evaluated

e For producing hollow, complex HPDC Al-components pressed + sintered or cast
cores may be used

» Drawbacks of pressed/ sintered salt cores

— Manufacturing process
- Stability
- Surface quality

» Cast salt cores have potential for
— Higher bending strength
- Smooth surfaces
— High design flexibility

» Manufacturing of large cast salt cores (d > 85 mm) is very challenging/
know-how is missing

/nqemak
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Open points addressed to AMAP Consortium
fka) #emax

How to design a crash-relevant hollow HPDC AI-SC for
its cost-effective integration in car body structure?

How to adapt the HPDC process to
produce complex, high quality salt cores?

How can the production of salt cores by

HPDC be simulated to optimize the core’s quality?

g{ﬁg%ﬁ?ﬁ' How to adapt the HPDC process to use
RWTH large salt cores and to achieve max.

Al-SC quality?

WELDING AND JOINING INSTIT

RWTH//CHE N Which is the most suitable joining process
and its optimal parameter BIW?

/nqemak
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Project Structure and Work
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Structural part’s design and validation are conducted by the Institute for
Automotive Engineering (fka GmbH), RWTH Aachen.

The Institute for Welding and Joining (ISF), RWTH Aachen, selects the suitable
joining process and develops process parameters, and evaluates process cost
for joining.

The Foundry-Institute (Gl), RWTH Aachen, will develop the HPDC process for
hollow components and will evaluate the SC’s properties.

Institute for Foundry Technology of the University of Aalen (GTA) as
subcontractor will produce, characterize and optimize salt cores and will
deliver the cores to the Gl.

MAGMA will model the salt core production and optimization. In addition
HPDC quality criteria for the production of SC will be further developed.

o 1ISE Swm G1\ .6
fkas, ISF Smm Gl
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AMAP P10 - Facts and Figures

® 5 Project partners
¢ 8 Subcontractors

e 7 Main work packages

36 Milestones
¢ 13 Quality/ decision gates
® 3 years duration

¢ 1.0 M€ budget
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The consortium started to work right now ...

/r?emak



