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Opportunity and Trend in Lightweight Technology

Lightweight Vehicle

Lightweight Lightweight Process
Materials Structure Optimization
* High Strength Steels * New structure and * Dissimilar joining
* Aluminum, Magnesium complex geometries technique
* Unreinforced and * Biomimics structure * New manufacturing
reinforced plastic processes (3D Printing)

* Composite material



Opportunity and Trend in Lightweight Technology
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Light Weight Enabler(**)

Engine Downsizing (65 %)
Design Optimization (45 %) - - -+
Vehicle Downsizing (38 %)
Vehicle Electrification (34 %)
Aerodynamics (19%)
Intelligent Electronics (18 %)
Others (5 %)

NG A R

Lightweight Materials (72 %) - - - 4 _

Advanced
Materials

High Strength Steels
Non-ferrous metals
Composites

(*) SAE Online Survey conducted for 3M and Automotive
Engineering International 2011

Design
Change
More simulation
Optimization
Material modeling

(**) et al. Bjelkengren, C. 2006 “The Impact of Mass Decompounding on
Assessing the Value of Vehicle Lightweighting” Master of Science Thesis, MIT, USA.
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Lightweight structures

Porous materials o Honeycomb
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Lattice structure




Lightweight structure simulation — Parametric optimization
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Lightweight structure simulation — Topology optimization

* Using advanced optimization
technologies (ex. Altair
OptiStruct)

e punch holes in the product
e thin out the product’s form
* reshape the entire design

* Allows for removing material
where it is not needed and
ultimately saves on material
costs.

The technology symbiosis of topology optimization and additive manufacturing leads to:
half the weight - reduced stress - increased stiffness - minimum design lead time!

www.altairhyperworks.com
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Lightweight Structure Electric Vehicle CAE for Engineering App. Crashworthiness

\ LWE - Lightweight Engineering Laboratory, MTEC



Lightweight Aluminium Bus Body Structure TEC
Using Finite Element Methods owmisest DR EIES

Lightweight Structure

\\ LWE - Lightweight Engineering Laboratory, MTEC
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Bus Structure Design and Analysis
(Rollover ECE R66)

Crashworthiness

\ LWE - Lightweight Engineering Laboratory, MTEC



Material Property : Tensile Test S
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Force vs. Displacement Result
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Drop Impact test TEC
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Contour Plot 1:Fine Contour Plot 1: Fine
Von Mises(Scalar value, Mid) Loadcase 1: Time = 0.0000e+00: Frame 1 Von Mises(Scalar value, Mid) Loadcase 1: Time = 0.0000e+00 : Frame 1
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EV protoype development — EV scooter
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Cell voltage (V)

EV scooter - Other related
ground work

47.5
45.0
425

40.0
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Discharge @ 1.0C, 3 cycles
Discharge @ 1.5C, 3 cycles
Discharge @ 2.0C, 3 cycles
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® Actuator LLmaﬁﬁumﬂ 100 kN

® Actuator LUITIUVUIN 50 kN
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Fatigue of Aluminum
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Faticue test: Specimens failures

P

Welded specimens



Faticue test: 2 axle, Specimen — Longitudinal (L)

® Failure — Crack surface morphology via SEM
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Discussions: Overall summary MTEC
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Summary of fatigue test results
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Criteria: Rollover Test (ECE R66)

Material
Replacement

S

Self:piercih

1
1
1
!
1
1

Structural Steel

Clinching
SN

Material
replacement
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Additive Manufacturing Joint for Space Frame.
Photo via https://autotechreview.com/

Additive Manufacturing Joint for Space Frame.
Photo courtesy of EDAG Engineering GmbH

_ Parts can be made lighter, stronger and more
—. effective using metal 3D printing compared to parts
created using more traditional methods that
luminium bolted gusseted join 1
Iéhoto courtes;ofEttp:/}voljgrer:.com.au emp!oy mOIdS' mOIten metal and QQU|pme_ﬂt to
precisely cut and shape the part.
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MTEC Bus Structure Testing Package

Joint Test

Drop Impact Test
I :'

Substructure Test

I!

R66 Simulations
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