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Drivers for More Motors/Actuators
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Electromechanical Valve Actuation
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Exhaust Energy Recovery
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» Turbine-driven generator reclaims waste exhaust gas energy at high engine speeds
» Electrically-driven compressor increases air flow at low engine speeds
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Integrated Starter-Generator/42V System

Separate starter and generator
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Engine Down-Sizing
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Machine Technologies
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Permanent Magnet Machine

Rotor lamination Assembled rotor
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Switched Reluctance Machine
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| ?Stétor/rotor Machine Integrated Final assembly
with flywheel & clutch
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Basic Power-Train Configurations

Parallel Hybrid

Traction drive
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Basic Power-Train Configurations

Series Hybrid » Free-piston energy converter
(2-stroke)

Generator Traction drive

| » Floating piston — eliminates crankshaft
—CDE f% 1% EC)_. » Piston motion controlled by electrical machine
» Facilitates optimum combustion

1
T

Battery :
Piston

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

Batteries
L ead 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 el ectronics

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

Power electronics

* New technologies

-phase drive - silicon dies on direct bonded copper (I

950503
63056

integrated power module

- high temperature semiconductors
- silicon carbide
- gallium nitride
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Basic Power-Train Configurations
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Technology Roadmap
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