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Hybrid Drive Systems for Vehicles

L9 - Cost



Vehicle Characteristics

Weight 40x10^3 kg

Wheel radius 0.505 m

Front area 7.9 m^2

Drag 
coefficient

0.79

Vehicle requirements 
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• Excluding the battery
• Including the: 

– PEC
– Traction Machine
– Transmission

• Almost all developed by:
– Gabriel Dominguez (design & control)
– Pontus Fyhr (production)
– Former PhD students in Lund

• Gabriel now @ Borg Warner
• Pontus now @ Haldex Brakes Products

Powertrain components in the study
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Powertrain concepts 
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Input data:
- Concept
- Power
- Vdc
- Fsw
- Semicon-

ductor tech.
- Cooling temp.
- Etc.
- Perf. Req.

Thermal modelPowertrain
Sizing:

25 kW
CPSR = 1.6
Lact = 44 mm

75 kW
CPSR = 1.9
Lact = 127 mm

125 kW
CPSR = 2
Lact = 202 mm

Axial 
scaling Transmission

Powertrain optimization

5
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Input data:
- Concept
- Power
- Vdc
- Fsw
- Semicon-

ductor tech.
- Cooling temp.
- Etc.
- Perf. Req.

Axial 
scaling

Thermal model

Transmission

Powertrain
Sizing:

Axial 
scaling Transmission

Loss 
Model

Converter design

PEC cost

Vehicle simulation model

Powertrain optimization

6

Performance evaluationConcept optimization loop
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Electrical Machine: Approach and Topologies

7

• FE are used to determine the
characteristics of the EM.

• A large number of EM geometries are
simulated in advance.

• The goal is to take the FE out of the
optimization loop.

• Axial scaling is used to adjust the EM
performance to the requirements.
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+ Number of poles
+ Number of Slots/pole/phase

≈ 2000 ≈ 1300 ≈ 900

Electrical Machine: Approach and Topologies

8
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1. Simple, quick to excecute.

2. Thermal capacitances and resistances are calculated based on the geometry and
materials of the machine.

3. Used for axial scaling of the EM, limitation of overloading capabilities and evaluating
the thermal performance of the EM in a given drive cycle and powertrain.

Electrical Machine: Thermal model

9
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Electrical Machine: Cost – Commodities 
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• Thinner wire, more expensive. 
• Higher temperature, more expensive, but not by much.

Electrical Machine Cost – Actual materials
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• The price of a 0.75 mm wire can be seen as a probability density.
• Near impossible to predict price movement, but it does not remain constant. 
• Similar behaviour for other materials.

Electrical Machine Cost – Sim materials
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• Thinner sheet, lower losses, more expensive. 
• Thinner sheets have a lower stacking factor and require additional press cycles for same 

stator/rotor height.

Electrical Machine Cost – Actual materials
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• Increased Nd with some Dy (Ga, Co) gives lower coercivity loss with increased temperature. 
• Control of grain size important.
• Substitute elements (Dy, Ga, Co) increase price.

Electrical Machine Cost – Actual materials
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Electrical Machine Cost – Manufacturing

15
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• Stamping tools constitute a large design specific investment.
• Bottlenecks typically in stamping (for long machines) and winding (depending on type).

Note log scale.

Electrical Machine Cost
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Electrical Machine: Cost 

Scaled for LDV and minimum 80 kW
Requirements: 2200 Nm starting torque and 80 kW at all speeds from 43 to 150 km/h
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Preliminary Design Housing & Shafts ....
Cost of each 
components

• Sizing each gear mesh 
following AGMA 
standards

Gearbox cost and 
size

Transmissions
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Preliminary Design Housing & Shafts ....
Cost of each 
components

Gearbox cost and 
size

Bearings
Shaft

Housing

Gears

+
Fork

Dog clutch
Piston
Carrier

Assembly

Transmissions
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Component Design Manufacturing & Purchasing

Housing, Assembly & Testing

PEC 
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Semiconductor 
Area

Size and winding 
layout

Selected from 
database

Selected from 
database

Machining + 
Tapping

Winding + Core + 
Potting

Purchase + Potting PCB + Soldering

Enclosure dimensions + Assembly + Testing

Efficiency maps
Operating 

points

PEC 
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• Iterative procedure to calculate the area of 
semiconductor. 

• Not constricted by market values but feasible to 
manufacture.

• η(V,I,pf)

Power Electronics: Semiconductor devices
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• m-Controllers + transceivers (redundancy)

• Gate drivers and sensors 

• Connectors and small electronics. 

• PCB manufacturing + soldering. 

Power Electronics: DC-link Capacitors and Control unit
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Power Electronics:  ”Commodities”
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Power Electronics:  ”Commodities”
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Power Electronics:  Manufacturing
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Power Electronics : Cost Examples
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Case study:
Powertrain concepts:

EM topologies:

Other Constraints:
• Fsw = 10kHz
• Semiconductor tech: IGBT & Si PiN diodes
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Optimization process ...
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Results:
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2-speed 1-speed

2-speed

1-speed

In another 
perspective ...
• 2 speed = lower cost
• Less demanding FWR

• To come:
– SiC
– HV (PD issues)
– More machine types
– Other transmissions
– Other cooling concepts
– ...

• Incremental improvement!
– Like the ICE ...


