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Ove rV| ew Modular Powertrain

Integrated Thermal
Systems J

R&D on innovative modular powertrain platform including electric machine,
transmission and inverter in one housing

tool

Integrated Regenerative
\ Braking

Assessment

* An regenerative braking with adaptive brake force distribution and extended
range of energy recuperation

R&D on assessment tool in order to be able to virtually design, simulate, optimize
and select the right components depending on vehicle specifications

Full scale demonstration integrated in a small BEV.
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Electric Motor

* High-speed permanent magnet assisted Synchronous Reluctance
Motor — 6 phases

* 160 Nm, 22.500 rpm, 134 kW
e Uses ,Formed Litz Wire“
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Magnet Injection Moulding

* Magnets are injection moulded into the rotor

* Permanent magnet material is dissolved in a plastic
matrix

* During injection into the rotor cavities a strong
magnetic field is applied

* « organic » shape of magnets possible

* Potential for low production effort as all magnets
are injected at the same time
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Inverter

e Gallium Nitride (GaN) switch based
* Very compact
* Allows for ultra fast switching with low losses

e
ST

* Low on-resistance
 Cost GaN wafer <<< SiC wafer

:

S. Reese et al., How Much Will Gallium
Oxide Power Electronics Cost? Joule,
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Winding Reconfiguration

e « Series » or « individual » operation of 2 motor phases
* Saving of losses when low power is requested

Leg Al Leg Bl Leg A2 Leg B2
HIC At HKBH%S HIC a2 A e
' EMF1 | ' EMF2 !
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Winding Reconfiguration

* S1 and S2 are open: Individual operation of phases
* Full voltage at each phase

Leg Al Leg Bl Leg A2 Leg B2
HIC At Al st %S HIC a2 A e
I gy L1 EMFL | | o | R 2 EMF2 |
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Winding Reconfiguration

* S2 is closed: Series operation of the phases
% of full voltage at each phase

Leg Al Leg Bl Leg A2 Leg B2
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Transmission

e Dual ratio (12.2 / 21.7) automatic transmission

 Combination of Ravigneaux gear set and spur
gear stage for very high ratio in first gear
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I\/Iodule Assembly

* Improved efficiency through high motor
speed

* Cost reduction:
* Reduced part count

* Less interfacing
* Compactunit: L513 x W 405 xH 275
* Max torque at wheels: 3100 Nm
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Thank you for your attention.
Any questions are welcome!

For more info visit http://www.moduled-project.eu/
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Holistic Design and Assessment Tool

—Design Conditions

. Vehicle performance requirements and
~ boundaries

—Vehicle Level —Component Level
9  Transformation of performance ' Layouting of components which
requirements into component requirements fulfil requirements

Component requirements
Request of components from component

level blocks 3 -

—Iransmission Design
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. Assembly of components, simulation and
6 identification of best set :B ~Electric Machine Design
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