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Powertrain Data Sources
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SuppliersSuppliers

•• Limited scopeLimited scope

•• Time consumingTime consuming

•• Costs?Costs?

•• Accuracy?Accuracy?

•• Non-flexibleNon-flexible

SimulationSimulation

•• Long lead timeLong lead time

•• Expensive Expensive 
softwaresoftware

•• Expensive Expensive 
engineersengineers

•• Limited design Limited design 
spacespace

HardwareHardware

•• Very expensiveVery expensive

•• Test bed timeTest bed time

•• Long lead timeLong lead time

•• One-offOne-off

•• The right option?The right option?
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Powertrain Data
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Inverter Data
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ePOPePOP: : 
electric Powertrain Optimisation Processelectric Powertrain Optimisation Process
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Mass / Inertia 

Cost 
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Case Mass = Aluminium

Shaft / Gears 
Differential + Housing

Internals Mass = Steel

Steel (£/kg) / Aluminium (£/kg) / Actuator

Sources of Power Loss (Single Load Case)
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Sources of Power Loss (Single Load Case)

Electric Motor Type

Copper Losses

IPM (V) Losses

Induction Motor Losses
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Iron Losses Magnet Losses
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Speed
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Cost 
Sources of Power Loss (Single Load Case)

Electric Motor Type

Copper Losses

IPM (V) Losses

Induction Motor Losses

IPM (V) IPM (U) Induction

Iron Losses Magnet Losses

SPM SRM

Mass / Inertia 

Speed

Efficiency Map

Copper Mass

Iron Mass

Magnet Mass

Copper  = £ / kg

Iron = £ / kg

Magnet = £ / kg
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Sources of Power Loss (Single Load Case)

Inverter Type

IGBT Losses

SiC Losses

Gate Switching 
Losses
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Gate Conduction 
Losses

Diode Conduction 
Losses

IGBT SiC
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Power Module

Control and Gate Driver

Cooling



Drive Cycle Energy PredictionDrive Cycle Energy Prediction

What’s the vehicles range?What’s the vehicles range?

Vehicle Performance PredictionVehicle Performance Prediction

What’s the top speed?What’s the top speed?
Acceleration times?Acceleration times?



           

Material Mass Manufacturing

Packaging Cooling NVH



Cost Cost 
ModelModel

Most Most 
efficient?efficient?

Cheapest?Cheapest?

Lightest?Lightest?

VehicleVehicle
ModelModel

Performance
Simulation

Drive Cycle
Simulation

Vehicle 
Spec / Targets

Powertrain Powertrain 
Model Library Model Library 
GenerationGeneration

Motor
Design 
Matrix

Inverter
Design 
Matrix

Transmission 
Design 
Matrix

Iterative loop, simulating thousands 
of powertrain variantsPowertrain Powertrain 

LibraryLibrary

Vehicle Spec /  
Targets

ePOPePOP: electric Powertrain Optimisation Process: electric Powertrain Optimisation Process



Case Study Vehicle Specification

Performance Targets

Transmission Variants

Single speed 2-speeds

Motor Variants

160 kW Fixed
(V shape, U shape)

350, 400, 450 A

Inverter Variants

IGBT SiC MOSFET

Premium SUV
Pure EV

Range
Top Speed
Acceleration
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Costs to reduce with time?
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More gears, more bearings, more losses
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More efficient operating conditions – at a cost!

More gears, more bearings, more losses
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Wider peak efficiency region
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Increased current pushes cost into the inverter
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SiC MOSFET
2-Speed Transmission

U Shape Rotor
400 Arms
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• Rapid data creation and design space mapping

• Evaluation of complex trade-offs

• Weighted cost function to account for different markets and 

applications

SiC MOSFET
2-Speed Transmission

U Shape Rotor
400 Arms

SUMMARY
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