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Drivers for More Motors/Actuators
Technology
Development
u X-by-wire
u Camless engines
u Beltless engines
u Electrical assist turbo
u Hybrid powertrains

Consumer Expectations
u Safety
u Comfort
u Driveability

Legislation
u Emissions 
u Fuel economy
u Cleaner fuels

Competition
u Becoming more fierce
u Adoption of advanced

technologies

Motors / Actuators
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Fault-Tolerant Steer-by-Wire

ECU
Communication

Force feedback
actuator

Twin motor front axle
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Electromechanical Valve Actuation

Upper Actuator

Poppet Valve

Actuator spring

Valve spring

Lower Actuator

Armature
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Exhaust Energy Recovery

Ø Turbine-driven generator reclaims waste exhaust gas energy at high engine speeds
Ø Electrically-driven compressor increases air flow at low engine speeds
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Ref: EARPA
European Automotive Research 
Partners Association
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Integrated Starter-Generator/42V System

Starter-alternator

Separate starter and generator 
eliminated

12V battery

Facilitates
Ø Idle-stop operation
Ø Launch-assist (soft hybrid)
Ø Regenerative braking
Ø Power assist (mild hybrid)

12V loads

High power
loads

42V battery
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Engine Down-Sizing
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Machine Technologies

Permanent magnet               Switched reluctance             Induction
machine                                 machine       machine
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Permanent Magnet Machine

Stator                   Rotor lamination           Assembled rotor
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Switched Reluctance Machine

Stator/rotor                  Machine integrated          Final assembly
with flywheel & clutch
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Basic Power-Train Configurations

Battery

Traction drive

ICE

Gearbox

Ø Parallel Hybrid

Typically:  ICE 50kW
Traction machine 20kW
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Basic Power-Train Configurations

Battery

Traction drive

ICE

Generator

Ø Series Hybrid

Shaft Tubular Permanent
Magnet Machine

Piston

Exhaust
Valve

Inlet
Port Piston

Ø Free-piston energy converter
(2-stroke)

Ø Floating piston – eliminates crankshaft
Ø Piston motion controlled by electrical machine
Ø Facilitates optimum combustion

Typically:  ICE 50kW
Generator 50kW
Traction drive 70kW
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Other Key Technologies

Ø Batteries

Master
µ-controller

Optical
communication

36V smart cell based pack

PIC
µ-controller

Cell bypass
element

voltages

temperatures

pressure

Optical
communication

Power
from
cell

VRLA cell

36V battery module
144V battery pack

• Lead acid batteries are much lower cost than other systems (eg. NiMH)
• Hybrid vehicles impose high transient power charges/discharges
• To extend battery life, each 2V VRLA cell incorporates electronics

for state-of-charge monitoring and conditioning
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Other Key Technologies

Ø Power electronics
• New technologies

- silicon dies on direct bonded copper (DBC)

- high temperature semiconductors
- silicon carbide
- gallium nitride

- 3-phase drive

- integrated power module
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Basic Power-Train Configurations

Battery

DC/DC

Power
Buffer

Traction drive

Ø Electric with peak power buffer Ø Flywheel buffer

Carbon fibre flywheel
• 60,000rpm
• 1MJ stored energy

Central stator
• 30kW for ~25s

Magnetic bearing
Electrical machine

• Extends battery life
• Consistent vehicle performance
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Technology Roadmap

Battery-Electric

Hybrids-Parallel/Series

Starter/Alternator
Soft/Mild Hybrid
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