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Industrial aim

. Chemlca.l domain | e dornain * Energy efficiency
e Mechanical domain : i e (Cost

, _ e Material domain
e Electrical domain e Performance

Energy Flow

ENGINE

Integrated energy and thermal management of CVT-based electrified powertrains

CVT: Continuously variable transmission
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Scientific aim

[ Modular and scalable system architecture ]

U

[ New control-oriented models ]
[ Novel optimal control method ]
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[ Detailed requirements and specifications ]




1. Energy management system
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Total energy losses
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2. Thermal management system
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Integrated global system (1+2
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Sub-system 1: Waste heat recovery with cold-start

conditions

Significant impact of cold-start conditions: 7.1%1
Remarkable fuel consumption reduction with
waste heat recovery: 13.1%1

Material: thermoelectric generators with high
Seebeck coefficient and low electrical resistivity
and thermal conductivity materials
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Sub-system 2: Battery thermal management



Results
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* Cooling power: Pypc << Po /o5
’mgm e Material: using phase change material to warm up and cool down the battery




Sub-system 3: Transmission transient thermodynamics
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Results
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Energy balance
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Sub-system 4: Co-design of EM and CVT

Cost= weighting factor * @ + weighting factorz*(:@@ i €'{§D + €( )

subject to: =
: S
Alternating =
Plant Design
Plant & Control
Design
Control Design | [
Models: non-linear models Models: convex models V
Optimization strategy: nonlinear programming Optimization strategy: convex programming
- sub-optimal design parameters + optimal design parameters
- long computation time + optimal thermal topology

‘m@ m + short computation time




Modeling and validation

Increasing level of abstraction
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Compact ECVT
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. Material analysis
O Reduce high cost/volatile heavy metals and rare earth content (e.g., Cobalt,
Neodymium-Iron-Boron (NdFeB)) in EM due to max. torque reduction
O Selection of cooling medium for the integrated cooling system (conductivity,

‘m% v corrosion, oxidation, and viscosity)




Conclusions

Created an integrated system architecture for CVT-based electrified powertrains

Developed relevant control models and optimal controllers

ﬂlndustry

Including controls in the early design phase

Generating generic system-level representations

Bridging the gap between component-level and system-level
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