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algorithms that can be used in hardwarein-the-loop analyses, in which the computer model (software) controls a vehicle
component (hardware) operating on a
test stand. This reduces experimental
proto typing by permitting evaluation of
component performance as part of a simulated system.
Conclusions
Though the PNGV Toolkit has the
immediate task of supporting development of an up to 80-mpg production prototype by the year 2004, its future use
may be much broader. Using the Toolkit,
it may one day be possible for automotive
engineers to design a variety of new vehicles entirely by computer - selecting a
powertrain, sizing components, and evaluating performance, cost, and reliability
through a user-friendly interface that
automates the process. With automakers
targeting a 28-month concept-to-production turnaround time, digital prototyping
and simulation will save time and
resources by reducing the many stages
of hardware development and testing .•:.
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Performance results for hybrid
and conventional powertrains
will be plotted for comparison by
the PNGV Toolkit. First, vehicle
definitions will be fed into the
SwRI-developed APACpM performance analysis program,
which calculates how each vehicle will perform under simulated
conditions_ The results will be
displayed in a fashion similar to
what is seen in this representational illustration.
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Series and Parallel Hybrid Vehicles
A series hybrid electric vehicle has one prime mover, an electric motor,
powered by a battery and/ or an engine turning an electric generator. The
motor converts electrical power to mechanical power for propulsion . Electric
power for the motor is available from an electrical energy storage device
and/ or a hybrid power unit (HPU) . The HPU consists of an internal combustion engine and a generator. The engine converts the heat energy potential of a hydrocarbon fuel into mechanical power. The mechanical power of
the engine is converted to electrical power in the generator, and the electrical
power of the generator is then used by the drive motor to move the vehicle.
The electric power created by the generator can also be used to recharge the
electrical energy storage device.
In a parallel hybrid electric vehicle, there are two prime movers - an
internal combustion engine and an electric motor. The engine converts the
heat energy potential of a hydrocarbon fuel into mechanical power. The sum
of the engine power and motor power is available at the wheels. A controller
determines the load share of each device depending on the total required
power, the operating efficiency, and the limitations of each device. Control
can be optimized for fuel economy, performance, emissions, and range.
In both series and parallel configurations, the vehicle is capable of capturing some of the energy normally lost to friction heat in the brakes during
deceleration. To do this, the electric motor used for propulsion can be
switched to operate as a generator. The electricity generating process provides a braking torque, and the electricity produced is stored in the batteries.
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