
Dr. Dorin ILES (iles@ieee.org)   FISITA 2008
September 14-19, Munich, Germany

Automotive Electric Drives
An Overview

Dr. Dorin ILES

R&D Laboratory for Electric Drives

ebm-papst St. Georgen

mailto:(iles@ieee.org)


Dr. Dorin ILES (iles@ieee.org)                                             2 /  32

Targets

• Overview of high performance automotive electric drives

• Overview of permanent magnet synchronous motor (PMSM) 
drives as one of the most competitive technology
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Introduction
Importance of electric actuation in automotive

• Clear trend in the automotive industry to use more electric drive systems in 
order to satisfy the demands for

• lower fuel consumption and lower pollution level
• higher vehicle performance (higher comfort, dynamic behaviour, etc.)

• Features of electric actuation
• proven technology
• high reliability
• high efficiency of the energy conversion
• precise controllability of the energy flow
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Introduction
Drastic growing of vehicular electric load demands - up to 10 kW

Consequence: higher voltage levels become mandatory
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Introduction
Evolution of the costs of electric/electronic equipment of a car

Ratio of electric/electronic cost (E-Cost) to the 
gross cost (G-Cost) of a car
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Introduction
Schematic overview of high performance automotive applications
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Introduction
Steering systems - classification

Manual steering

mechanical

MS

hydraulicalelectrical

Power-assisted steering

EPAS-column EPAS-pinion

EPAS-rack

HPAS EHPAS

EAS-HPASEPAS-dual-pinion

Full power steering
(steer-by-wire)

electricalhydraulical

HPS EPS

EHPS

Steering parameters (steering torque and steering angle)
§ torque assistance
§ angle assistance

mailto:(iles@ieee.org)


Dr. Dorin ILES (iles@ieee.org)                                             9 /  32

Introduction
Power assisted steering systems (torque assistance)

Torque sensor

Electric motor

Gearbox

Motor shaft position 
and speed sensor

Power
end-stage

ICE
control

Battery Current
measurement

Sensor 
evaluation

Steering 
function

Key performance parameters
> high torque density
> very low cogging torque 

(below 20 mNm peak-to-peak)
> low torque pulsations
> low acoustic noise
> high energy efficiency

Candidates
• sinusoidal vector current controlled PMSM - only proper candidate
• lower demanded peak torque - induction motor (poor energy efficiency)
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Introduction
Active steering systems (angle assistance)

- rack stroke

- steer angle

- steering wheel steer angle

- steer torque 

- rack stroke force

- steering wheel steer torque
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Candidate
• sinusoidal vector current controlled PMSM

Key performance parameters
• high torque density
• very low cogging torque  

(below 20 mNm peak-
to-peak)

• low torque pulsations
• low acoustic noise
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Introduction
Braking systems

Candidate
• trapezoidal PMSM

Key performance parameters
• high torque density
• high temperature resistance
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Introduction
High-speed automotive applications - specification and competing technologies

IM, PMSM, SR120000600001Electrical assisted 
turbocharger

PMSM, SR>>50000.955Engine cooling systems 
(electric water pump)

PMSM140001200011Air compressor for fuel cells

PMSM17000150002.5Compressor for air 
conditioner

Competing motor
technologies
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Introduction
Automotive electric drives: torque-speed demands 
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Introduction
Automotiveutomotive requirements, constraints and implications for electric actuatirequirements, constraints and implications for electric actuation systemson systems

Technical and economical parameters:

• high reliability
• high energy efficiency
• low costs
• compact size
• low weight
• variable speed control in wide torque-speed ranges
• low acoustic noise level
• long life cycle
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Introduction
Competing electric drives technologies for automotive applications

• permanent magnet brushed dc (DC)

• induction (IM)

• permanent magnet trapezoidal (BLDC)

• permanent magnet sinusoidal (BLAC)

• switched-reluctance (SR)

• reluctance synchronous (RS)
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PMSM drives

•For high performance automotive applications the PMSM represent one 
of the best candidates

PMSM advantages
• high efficiency (in rotor - no copper losses and very low iron losses)
• high torque density due to the permanent magnet excitation

PMSM drawbacks
• high cost of the permanent magnets
• risk of demagnetization at high temperature
• increased effort for permanent magnet fixture on/in rotor
• additional control effort for field weakening or advance angle control

The technical advantages of the PMSM determined in the last decade the extension of 
their area of application in the automotive industry
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PMSM drives technologies
Classification based on the shape of back-EMF and excitation currents
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PMSM drives technologies 
BLAC motors and drives 

• sinusoidal back-EMF shape and sinusoidal currents in order to get optimal 
torque quality
• usually overlapped stator windings
• mostly skewed surface permanent magnets in rotor
• complex, cost-intensive high-resolution rotor position sensors like encoder or 
resolver (or sensorless methods) are mandatory for the sinusoidal current control
• at least two current sensors are necessary to impose the shape of the phase 
currents

Due to the low torque ripple sinusoidal PMSM drive is the only proper technology 
for high performance applications
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PMSM drives technologies 
BLDC motors and drives 

• trapezoidal back-EMF shape and trapezoidal current in order to get good torque quality
• usually concentrated stator windings
• surface mounted permanent magnets (rings or segments)
• BLDC motors are driven in two-phase-on mode
• a simpler rotor position sensor, with a resolution of six instants per electrical period, may 
be used for the commutation
• a single current sensor is needed for a possible control of the current in the two motor 
phases

The torque pulsations can be high due the current commutation and back-EMF shapes 
with remarkable distortions. This simple control strategy is very often employed in low 
performance applications, where the required torque quality is not too high. 
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PMSM drives technologies 
PMSM design

PMSM with single-layer concentrated windings

Motor design – selection of the motor topology based on a quality factor (taking into account the 
cogging torque behaviour and the magnitude of the winding factor of the mmf-fundamental)

PMSM with two-layer concentrated windings

Quality factors for small PMSM (up to 24 stator slots and 16 rotor poles)
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PMSM design aspects
Materials for active components of PMSM

• Permanent magnets (manufactured by injection/compression moulding/ 
sintering)

• ferrites
• Neodymium-Iron-Boron (NdFeB)

For high torque density applications only sintered NdFeB-magnets

• Soft magnetic materials
• cold rolled magnetic lamination (CRML) steel
• soft magnetic composites (SMC) for “3-D design” and manufacturing 
capabilities

Conventional lamination steel is mandatory for high torque density applications
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PMSM design aspects
Construction and manufacturing technologies for PMSM – winding systems

Transition from conventional overlapped to non-overlapped (concentrated, tooth-wound) winding systems
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• conventional overlapped winding

• non-overlapped (concentrated, tooth-wounded) 
windings

• short end turns of the concentrated winding 
lead to a reduction of the copper losses
• needle winding technology offers major 
advantages for coils with lower number of turns 
and higher wire diameter, like in PMSM for 
automotive applications
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PMSM design aspects
Construction and manufacturing technologies for PMSM – modular stators

New modular stator solutions (in order to increase the 
slot fill factor, especially for coils with higher wire 
diameter)

• teeth and yoke stator segments
• two-part stators
• rolled stator
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Fundamental control issues

• Accurate stator current synchronization with the rotor position is mandatory for good quality torque

Basic configuration of a drive system with a three-phase PMSM - used for both types of PMSM

• Rotor position feedback
• trapezoidal PMSM-drive: three Hall-elements (with a resolution of 60 electrical degrees)
• sinusoidal PMSM-drive: higher resolution rotor position sensor (encoder or resolver)
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Motor control issues
Control strategies

• sinusoidal indirect current vector control

• trapezoidal current control
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Case study
Sinusoidal vs. trapezoidal PMSM for electric active front steering

EAFS-motor specification and design constraints
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Case study
BLAC - favourite solution

[mNm]
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Case study
BLDC - favourite solution

[mNm]
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Case study
BLAC drive - experimental results

The torque production

can be maximized through optimizing the torque angle γ

• torque vs. speed characteristics for different torque angle γ

• torque vs. torque angles for different phase currents

• torque pulsations
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Case study
BLDC drive - experimental results

• BLDC motor mounted together with servo drive and  
torque transducer

• measured torque-speed characteristics for different 
advance angle values

• measured torque pulsations for the BLDC motor
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Conclusion

• Aim of this presentation

• overview of high performance automotive electric drives
• typical specification
• key performance parameters
• proper candidates

• overview of permanent magnet synchronous motors technology
• BLAC drive have the lower pulsating torque and the best acoustical behaviour but the 
control structure is more complex than in the case of the trapezoidal drive, as it requires the 
presence of a more expensive position sensor (encoder) in comparison with the 3 Hall 
sensors required in the trapezoidal drive and requires at least 2 current sensors 
• BLDC drive is more simple and only one current sensor could solve the current acquisition
issue resulting in much lower costs of the drive, but has higher current peaks (higher current 
from the DC supply and higher torque pulsations

mailto:(iles@ieee.org)


Dr. Dorin ILES (iles@ieee.org)   FISITA 2008
September 14-19, Munich, Germany

Thank you 
for your attention!
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