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Motivation: [Etectric/VehiclecGearbox

ARevisit the gear box concept for new electric vehicle powertrains
reducing simultaneously the weigh26%) and C{emissions-{£5%)

New generation of @xles for
EV and P4 hybrid vehicles

The integrated design of the electric
motor and transmission enables
weight, cost and space savings. Since
both functions are combined into

one housing, installation is also
easier.

BorgWarmere-DM

First Thermoplastic Composite Gearbox
Housing: 30% Lighter Than Aluminum by
ARRK Engineering Division
(www.materialsforengineering.co.yk

T. Schneider. Reinforced Plastics. Volume 63, Iss
1, JanuargFebruary 2019, Pages-48’


http://www.materialsforengineering.co.uk/
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Motivation: [Electric/VehiclecGearbox

Design domain for the use case

AA generic model of EV gear box rear cover

Load cases & Simplified design problem

Boundary Conditions

Input force to bearing support

fixed at trTe bolt design region

[ R ign domain
e e Stiffness Outer surface
) ! Rear covar Stressand durability
==t Sealing
e Oil containment
Lubrication

Sound propagation
Easiness of manufacturing _
Proprietary EV gear box Generic EV gear b¢apen source)



interres [ NE

Eureglo Meuse Rhlne NNNNNNNNNNNNN UGHTVEHK:LE‘Z.O}E

Motivation: [Etectric/VehiclecGearbox

AA generic model of-gear box rear cov

Boundary
Conditions

770,5

Mesh

Load Cases .

Generic EV gear box rear cover
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Motivation: [Etectric/VehiclecGearbox

Reference part made of aluminium New design part made of aluminium and PA
Initial mass (alu) = 11.7kg

A Multimaterial design: Aluminum andomposite

A Selectedcomposite XiloySX1854styrene maleic anhydride-phnylmaleimide(SMANPMI / PAG)

POLYSCOPE A 30% glass fibgfshort fibre) A High temperature resistance
e e A Excellent dimensional stability A Good adhesion with metals

10
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1. Presentatiornof the casestudy. Motivation

2. New concepgenerationusingmulti-materialtopologyoptimization
1. Singlematerial
2. Twomaterials
3. Newapproach Selectionof the optimizationdomaineusinga T-splineas support
4. Newmultimaterialtopologyoptimization

3. CAD design and Life Cycle Analysis

4. Finalproductassessment

5. Conclusions
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Max. Performance

S.t. Design
Constraints

LY IR

Density Variables: p. | 0 < p. <1

pe =0 Void E,=p E°
pe =1 Solid

13
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Design
Constraints

Topology optimization: a
new design tool that offers

Density Variables: p. | 0 < p. <1 innovative design ideas.

{pe —0 Void E. = )} B

pe =1 Solid

14
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AOne material (aluminum) E. = Epin + p> (E° — Eppin)
ATopology optimization aluminum / void C
AVolume: 60% .
— o LIEGE

GDTECH gniversité

engineering

min Compliance
density

st Volume
Equilibrium

min f-u
[he

st Do He Ve
Ku=f




initerres Rl Topology-optimization;cgenerating new = —

Eureglo Meuse Rhlne EUROPEA StrUCturaI Conce ptS VEH|CLE"=.
min Compliance
density
st Volume
Equilibrium

min f-u

He

st Ze e Ve ‘ — aluminium

Ku=f — plastic

50% Alu / 50% PA 30% Alu/ 70% PA

ATwo materials (aluminum / PA) & void  E, = p° (z2 B1 4 (1 — z.)° E»)
ATopology optimization aluminum / PA / void C
AVolume: 50%/50%30%/70% .
i R — o s LIEGE

GDTECH b gniversité

engineering
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min Compliance
density
st Volume
Equilibrium
min £ -u N\ gt> O — auminum N
He > N
. — aluminium
st Ze te V, ® — piastc
Ku=f

Baseshelt 50% Alu / 50% PA Stiffening layer : 20% Alu / 80% void

ABase shell : two materials (aluminum / PA) & void E, = p? (22 B1 4 (1 — z.)° E»)
A Oil containment

AOne layer of stiffener in aluminum / void @)

A Bending stiffness ¥ LIEGE

wniversité

GDTECH

engineering
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(b)

[ The supporusedfor the creationof levelsetsisa T-spline

Optimization of the coordinates of the nodes of thengsh

T-spline surface generated by T

Mesh. @

engineering

# LIEGE

mgniversité
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@© Aluminium @© Aluminium
@ Plastic Void

Block r?1/Innerlayer | Block r?2/ Externallayell

‘ — aluminium

. — aluminium

‘ — > plastic

Inner layer: aluminium/plastic(50/ 50%) Offersthe necessargealingagainstoil leakage

Externallayer. aluminiumAoid (20/80%) 7
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[2.099-02% _§’
— 0015 % %
'»0.01 ‘é %
[0,005 g‘ _é
Block from which the optimization Static analysis of the initial surface Shapeoptimization2 y G KS W1 Q |
area is selected.
Compliance (J) Max displacement(mm) - - - = S g
Beforeoptimization 0.142 0.021 - ) )
. L After optimizationon
After optimizationon z 0.106(-254%  0.014(-32.5%) Beforeoptimization GKS wio |G
After optimizationon x, y 0.137(-5.0%) 0.020(-2.9%)
After optimizationonx,y,z  0.102(-28.3%)  0.013(-36.4%) j > LIEGE

GDTECH auniversité

engineering
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o — aluminium n

Externalview ® plastic Internalview

Compliances -1.5%comparingto the resultof TOwith
AluminiumAoid (50/50%)

Aluminium/Plastic (50/50%)

oumnum

®— plastic _
Externalview Internalview

[ Multi-material & multi-blocktopologyoptimization ]

\

Inner layer. aluminium/plastic(50/50%)

Externallayer. aluminiumAoid (20/80%)

7 ¥ LIEGE
Stiffeners GDTECH arniversité

engineering
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CAD DESIGN
AND
LIFE CYCLE ANALYSIS
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1. Presentatiornof the casestudy. Motivation

2. New concepgenerationusingmulti-materialtopologyoptimization
Singlematerial

Twomaterials

Newapproach Selectionof the optimizationdomaineusinga Tsplineas support
Newmultimaterialtopologyoptimization

Hw e

3. CAD design and Life Cycle Analysis

4. Finalproductassessment

5. Conclusions
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Alnitial Aluminum design
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770,5
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(A) Vue du dessus (B) Vue latérale
Weight 11.7kg
Wallthickness/.7mm ELENDERS
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Topology optimized design

A first design

Weight 9.5 kg

Wallthickness/.7 mm FLANDERS

MAKE U LIEGE
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MANUFACTURING INNOVATION NETWORK
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. . CAD design inspired by
Final design material distribution
Weight 8.21 kg

Wallthicknessb.0 mmz
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AMultimaterial (Aluminum PA) design
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Q TOresultswithout stiffeners > o TOresultswith stiffeners .

Simplified geometry 30%Al / 70%plastic 50%Al / 50%plastic

A Manufacturability constraints of plastic injection molding

A Thickness reduction to 5mm, max allowed for plastic injection molding

A Addition of stiffener in the area of stress concentration

Plastic -

3

Aluminium

Plastic

Optimisedconcept Attempt with reducedthickness& stiffener Rawresult exported from TO

28
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100%
90%
Totalweight reduction of approx. 30% 80%
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N Climate change Photochemical Respiratory Resource use, Resource use,

Simplified geometry o . . . . .

Optimizedconcept ozone formation, inorganics energy carriers mineral and

HH metals

B Materials ™ Process

> LI EGE LCAresults- Comparisorof the referenceand the new concepgearboxcoverdemo
universite 29
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1. Presentationof the casestudy. Motivation

2. New concepgenerationusingmulti-materialtopologyoptimization
Singlematerial
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Newapproach Selectionof the optimizationdomaineusinga Tsplineas support
Newmultimaterial otpologyoptimization
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3. CAD design and Life Cycle Analysis

4. Finalproductassessment

5. Conclusions
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Abaqus model

AThe model includes 668974 second order tetrahedral elements (C3D1Apden
tetrahedral element) and 1046140 nodes

32
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- The part is made of two different materials:
- Aluminum: E = 7GPaand Poisson coefficient = 0,3
- Xiloy: short fiber reinforced plastic, here considered as isotropic, with E = 6914 M|
and Poisson coefficient = 0,35

Al Xiloy
A A

33
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- Two kinds of boundary conditions are considered _ _
- Part fully clamped on its outline Constrained at fasteners locatiot
- Part clamped at given fasteners locations
- Locations were already defined in the
model received from the partners

Fully clamped

34
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- Concentrated loads are defined for each gear
- Loads are applied to the bearing surface via rigid
body elements
- At point 1:Fx= 0,46FFy= FFz=0,86F
- At point 2:Fx= 0,17FFy= 0,29H-2z0,06F

Constrained aliiofs

35
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Modal Analysis

Frequencies, in Hz for full clamp: 144.71, 237.45, 279.59, 430.96, 552.80
Frequencies in Hz for clamp at fasteners: 134.91, 227.59, 267.76, 419.64, 445.64

36
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Fully clamped Clamp at fasteners
144.71 Hz 134.91 Hz
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Fully clamped
237.45 Hz

o o 2

LI VEHICLEu--

Clamp at fasteners
227.59 Hz
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Fully clamped Clamp at fasteners
279.59 Hz 267.76 Hz
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Fully clamped Clamp at fasteners
430.96 Hz 419.64 Hz
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