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Hybrid Structures
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Joint Characterization / Testing

Process and Performance Modeling

Process Selection
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Definitionsfor Joining of dissimilar materials

A Joining:Creatinga bond of somdrom betweenmaterials or

components to achieve a specific physpalformance
Mechanical
Chemical
Thermal fusion
Solid state
Combination/hybrid

| _EERERS |

To To To o o

A Dissimilarmaterials Materials difficultto join becauseof their
different chemicatompositionsand/or physical properties

A Hybrid structures:Two or more components of dissimilar
materials joinedogetherto achieve a specific physical
performance
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Mixed Material Joining:
Bronze Age Bimetallic Swords
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Hybrid structures

A Lightweight and high performance structures
Alntegrating an increased number of functions in each part

A Different properties of different materials are jointly utilised to
achieve the product performance needed

A Materials will interact with each other in neways

ANeed the abilito simultaneously optimize material choice,
geometry, production processes

Boeing 787 Dreamliner
50% composite,

20% aluminium,

15% titanium, 10% steel
5% other
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Regulatory Requirements

CHINA
EUROPEAN UNION 16.9L/100km in 2015 (37 mpg)

CANADA 1130gCQkm in 2015 (43 mpg) 15.0L/200km by 2020 (56 mpg)
1 Green Levy ' 195gCQkm in 2020 (58 mpg) qLocal taxation
1 6.6L/200km (35.5 mpg) in 2016 7 Local CQtaxation .

U.S. FEDERAL
135.5 mpg in 2016
154.5 mpg by 2025
1 Gasoline $34/gallon

JAPAN

CALIFORN \ A ) 129% CQ
180% CQreduction by / “ ] “ 2010A 2015
2050 L O . !
1 [ R
MEXICO | j
110.8 km/l by 2015 | AUSTRALIA
a 1190 gC@km in 2015 (43 mpg)

1155 gCQ@km by 2024
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Personal
Transportation
Driving Mixed
Material Product
Solutions

Polymer/Composite 8%

Magnesium1%
Aluminum 8%

High Strength Steels 11%

Weight SLC BIW: 180 kg

Materials
@ Aluminium sheet
Il Aluminium die-casting
B Aluminium extrusion
Il Steel
[ Hot-formed steel
] Magnesium sheet
[0 Magnesium die-casting
B Fiberglas thermoplastic

Weight distribution

Aluminium 96 kg (53%)
Steel 66 kg (36%)
Magnesium 11kg (7%)
Plastic 7kg (4%)
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Adhesive joining

Difficult to disassemble
Surface preparation requirements

Timeneeded for polymerization

Limited thermal resistance

Bond attenuation/degradation from
atmospheric and chemical agents

Joint design
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Mechanical Fastening

AScrew joints
AFlowDrillScrews

A Clinching
AFrictionStir BlindRiveting I 'ég}jT

A SelfPiercingRiveting
A Sewing
A Plastic deformation

APro: Simple, no fusion, easy disassembly,
Fdzi 2 YF GAR2Y S X

AAgainst: Stresses/fatigue, lotgrm
OF LI oAt AUASaz | RRSF
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Examples, Mechanicdlastening

Flow Drill Screws
Friction Stir Blind Rivet

Head Engagement

Thiq wall of Restraining
casting, less force induced
thread by mandrel

engagement;
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Multimaterial FusionWeldingChallenges

A Porosity
A Intermetallic Formation

A Pre-existing Oxide Layers

A Galvanic corrotion

A Dissassembly
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A Spark Plasma Sintering/ Pulsed Electric Current - e e

Sintering:Sinteringof highrend materials such as ° g_|
tungsten carbide anderamics —

A High Energy BeaWelding:Laser electronbeam: o
Conductiormode (sheetsdr Keyhole mode
(deeper penetration

Examples: Thermdlsion joining !

Powder

A Brazing andsoldering:WellFknown technology
used to join ceramics to metals, dissimilar
incompatible metals, complicated geometry B
~ . ] [ Ti-6Al-4V |
A Resistance Spot Welding (RSW)
A Arc Welding
Chuvildeev, et al., 2014,
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Al-Steel RSW

Electrical AHea'[Imba|anC8

Melting Thermal | registivity
point | conductivity =

co) | wimi) | 02 R AFormation_of brittle
iIntermetallic compound a

ACIOE 660 205250 282 2700 222 Al-steel interface
N 1425 47-54 143 7870 13.0 < - TR
Sl 1540 ACracking and porosity in /

Important to know temperature field AAl expulsion/thinning

In the process!
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Laser Welding

melt pool

T.Solchenbachet al.

European Automotive Laser Applications 2013: 14th European Expert ConferentdgBeainm Germany, February 120, 2013
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