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1. Motivation

« High pressure die casting tech
technology used to produce al
magnesium alloy castings

< However, because of the poros
difficult to produce high integ
magnesium alloy castings for &




High Pressure Die Casting(HPDC) Process
for Aluminum and Magnesium Alloys
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(Data source: United States Geological
Survey Mineral Resources Program, 2006)

Porosities in High Pressure
Die Castings

<« Limitation on applications:
Mechanical properties

Pressure tight requirements

No Welding

No Heat treatment

(precipitation hardening)

= Sources of Porosities
— Gas porosities (entrapped gases,
die lubricant, dissolved gases)

— Shrinkage porosity due to
solidification
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1 Solutions to Gas Porosities
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Squeeze Casting of Al
and Mg Alloys

O High integrity casting

process, almost free from (a) (b} i) (d)
porosity defects including
microporosities d? l % d j d bl
O Very fine equiaxed E ﬁ
grains m E ; . _

) Melt meral Pour molten metal Close die and  Bject squeeze casting and)
O Heat treatable, high into die apply pressure "'““ﬁp“;‘::;j;" and

strength and toughness,
high fatigue property

O Near net shape, high
yield of liquid metals (no
riser and gating system for
direct squeeze casting),
and energy efficiency

O Tolerance for fluidity
even suitable for forging
alloys

2. Objective and Target

Objective:

1= =1
Develop high vacuum die
casting and squeeze = L3
casting technologies for

producing advanced . o “ “

aluminum and/or .‘? ‘@ » | o
magnesium components i Bl E _ Iﬁ
for electric vehicles. ) E’?n‘aé-?;“fg?gzﬁf?‘
Deliverable:

technologies for producing aluminum and/or

magnesium components of electric vehicles.
Modeling and simulation technologies for high

vacuum die casting and squeeze casting

High vacuum die casting and squeeze casting 3
— S

processes.
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2. Objective and Target

OExperimental study on the process-
structure-property of high vacuum die
casting and squeeze casting of advanced
aluminum and magnesium alloys castings

ODevelopment of multi-scale modeling and
simulation technology for high vaccum die
casting and squeeze casting process

OTechnological support for critical
component manufacturing of electric
vehicles by combining both the
experimental and simulation approache

3. Background and Resources

= Both experiment and simulation have been
extensively studied with Al and Mg alloys in
Tsinghua University.

« Multi-scale modeling and simulation based
on cellular automaton (CA) methods are
used for processing — microstructure —
property prediction of Al and Mg alloy

castings. \
= Advanced computational software and
hardware available

= Experimental as well as physical simulati
facilities are equipped in the lab
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Porosities of as-cast and T6 samples at
different vacuum conditions (AZ91D)
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Mechanical Properties of AM60B alloy under
vacuum and conventional die casting conditions
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Porosity prediction of Al alloy
die casting by macro simulation

Squeeze Casting of Al and
Mg Alloys
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Computation efficiency significantly improved
by Parallel Computational Method

Thickness: 2mm
Sizes:
477X560X108mm

Mesh number :
19.21million

Microstructure Simulation of
Aluminum Alloy by CA Method
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In-Situ Observation of Dendrite Growth
of Transparent Materials

Process-microstructure-property
Prediction of Al aIon casting

4,545,783
Macro-mesh 3 mm

Mesh number

Micro-mesh
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3D simulation of AZ91D dendrites

e Columnar dendrites of directional

— Manufacturing of Automobile Wheel Castings
» Max. radius & height of the automobile wheel casting: 500'

— Heat Treatments:
- T4: 16h @413°C; T6: 16h @ 168°C

Design of Mg Alloy Casting Process
Casting Simulations
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Related Research Projects and
International collaboration

Fundamental Study on Modeling and Simulation of Near Net Shape
Casting Technology, No. 2005CB724105, National 973 Program

Research and Development of High Vacuum Die Casting Technology for
Magnesium Alloys, National 863 Program, 2009AA03Z114

Modeling and Simulation of Microstructure and Property of Near Net
Shaped Magnesium Alloys, No. 2006CB605208, National 973 Program

Modeling and Simulation of Thermomechanical and Transport
Phenomena in Squeeze Casting of Light Metallic Alloys, No. 50675113,
National Natural Science Foundation of China

Macro, Micro, and Nano-scale Modeling of Alloy Solidification under
Tran3|ent Pressure, No. 50875143, National Natuiral Science Foundation of

China
Closely collaborated with FAW at home and GMC & F \
abroad

Magnesium Front End Research and Development —
9: Integrated Computational Materials Engineering,
Canada-China-USA Collaborative Research Project g
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SHANGHAL JIAO TONG UNIVERSITY

Manufacturing and assembly
processes of

lightweight car body

Xinmin LAI
Shnghai Jiaotong University
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Motivation

m Body weight is 25-30%6 of the total vehic
heaviest part of the car, and is the most c
lightweighting;

m “Multi-material body* using HSS (UHSS),
magnesium in the car body, has become ¢
for lightweight car body.

Trunk Lid (thermosetting mat.), Stee!

Bonnet (incl. 2K bonding) made of Aluminum: 1708

10,0 kg +1,0kg (2K bonding) = - 11,0 kg

stel grades.

Doors made of Aluminum:
Aluminum Front End: -10kg
-20kg

Crash Beam (carbon fiber):

Fender (thermoplastic resin):
-4kg Front and Rear: ca. —6,8 kg

Challenges to Forming

m In HSS (UHSS) forming, panel ma
quality is sensitive to materials a
affecting the quality sabiliz

ation

mmmmmmmm y
HESRBS5 S8 a & Y T ER T LR T
Cracking index o (%)

variations
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Challenges to Joining Process

m Because of the differences between steel and light metals,
such aluminum and magnesium, it is very difficult to join

light metal to steel with traditional fusion welding methods

for the occurrence of inter-metallic compound and large

distortion.
Unit Steel Aluminum Effects
. . o Cannot be welded
Melting point C 1536 660 with fusioni i
Thermal
expansion AlllI° C| 12X10°6 23.9X10° Large distortion
coefficient
Therrr]a_l WI/mK 46 222 Fast heat dissipatio
conductivity
Standard voltage : )
(25° C) V -0.44 -2.34 Galvanic corrosi

‘29

Challenges to Joining Process

B SPR (self-pierce riveting) is the most popular joining method of
dissimilar materials, however, it is very difficult to apply SPR to

following materials:

— When riveting AHSS and UHSS, the rivet deforms severely, and

cannot produce effective interlock in the lower sheet;

— When riveting brittle magnesium and casting aluminum, cracks

inevitably occur and greatly reduce the joint performance.

— Many other joining method have been developed, however, the

manufacturing cost of the car body is greatly increased.

(a) FHE ($=48) (o) SHTHR (3A—-i8)

30

(e) BHEM (B~

(&) W% (58—3R)
_—
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Research Objecti

m Forming

Develop robust optimization method of formi
panels stamping.

m Joining
v’ Develop a new SPR method aided by external
joining ability between HSS and light materia
m Assembly

v Improve the accuracy of multi-materials auto
variation prediction

Proposed Research P

» Robust optimization design of forming process of li

M Electro-plasticity is a phenome
of moving electrons (in the
electric field) to the defo
improve the plasticity of a
and to reduce its resistance

" B3k B isum ’ . l ‘
R L 2 b \ Fiome v =y ——
Surface morphology of stainless steel wire under Test apparatus of electro-plastic
drawing process effect

(a) conventional drawing; (b) Electro-plastic drawing
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Research Task

0 Study mechanism of electro-
plastic riveting  through
modeling and simulation

o0 Develop an integrated electro -
plastic rlvetln% apparatus,
which can apply both electricity
and force uniformly and
coaxially

o Study the influencing laws of
current density on riveting
ability

o Typical applications:

v Ultra HSS
v Magnesium

v’ Casting aluminum

Electric Current i

in current electro-plastic
riveting set 33

SJTU Auto-body Manufacturing

2000.10.29, Signing Ceremony of GM-SJTU Auto-body
Manufacturing Satellite Lab

WA % 5 044
W rWREAZIRARE

o
igning Ceremony of

2002.6.14, Signing
Ceremony of SJTU PAC
Center

& 6associate profes:
Auto-body 10 lecturers & en

*
Manufacturing | o 45 Ph.D candidat
*

Lab
50 M.E candidatesim
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