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Abstract

TITLE: Study on the Parametric Design and Control Strategy
of Fuel Cell Hybrid Electric Vehicles

SPECIALITY: Automotive Engineering

ADVISOR: Prof. Wang Qingnian

Internal-combustion engine incarnates the distillate of human wisdom of
the full century and dominates the power of the vehicles dozens of years. But
the fatal weakness is to result pollution. And the oil source in the world can be
exploited for only about 50 years. Internal-combustion engine hardly breaks
away from the passive complexion radically. Conventional battery is without
contamination and noise but as the power of vehicle its low energy density
and long charging time are the barriers which are difficult to overstep. So the
presumption that electric vehicle of conventional battery substitute the
internal-combustion engine vehicle is very little in the obvious future. It can
only act the part of assistant power and transport tool limitedly. The hybrid
electric vehicles rising in the nineties of 20th century are only intergradations
vehicles and it can not settle the problems of pollution from vehicle exhaust
drastically.

In the end of 20th century an upsurge in development of proton exchange
membrane fuel cell vehicle has come into being. At present the government all
over the world and automakers invest heavily in research and development of
proton exchange membrane fuel cell vehicles. The Ministry of science and
technology set the project of proton exchange membrane fuel cell hybrid
electric vehicle as one of main technologies of national Tenth Five-year plan
of 863 program electric vehicles key project.

Fuel cell vehicle is a type of efficient and cleanly vehicle that produced
in the end of seventies of 20th and rose in recent ten years.

Fuel cells are devices that convert the energy of a chemical reaction
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directly into electrical energy. When the fuel is direct hydrogen the product is
only water. The traits of fuel cell are efficient and low emission. The fuel is
comprehensive, its source is not only limited to petrifaction fuel. Among six
types of fuel cells, proton exchange membrane fuel cells are considered the
best solution for vehicular applications because of their low operating
temperature, high power density, specific power, longevity, efficiency,
relatively high durability, and the ability to rapidly adjust to changes in power
demand.

Fuel cell vehicles can be classified as fuel cell electric vehicles and
hybrid electric vehicles. A fuel cell electric vehicle uses a fuel cell as the
power source without use of a battery. Like the battery in the electric vehicles,
the fuel cell system provides electricity to the drivetrain of the vehicle. Fuel
cell vehicles have the advantages of battery powered electric vehicles, the
performance of high efficiency and zero emission that the internal-combustion
engine vehicle can not achieve at all. The fuel cell offers good performance,
long range, fast refueling. Replacement of the internal-combustion engine
with fuel cell system could save 60% of the primary energy consumption, the
CO, emission can be reduced by about 75% and release of the other toxic
substances could be largely reduced.

The fuel cell hybrid electric vehicle has a battery in parallel with the
fuel cell system, similar to series electric vehicle, is electric-electric hybrid.
This operating mode makes the most of the high energy density of the fuel cell
system and the high power density of the battery. Under different driving
cycles the hybrid electric system made of the fuel cell system and battery
operate in different modes. This type of vehicle not only takes on the
advantages of the fuel cell electric vehicle but overcomes the drawbacks that
at present the fuel cell electric vehicle can not resolve: the high cost, without
regenerating the brake energy, difficult rapid start-up and the bad transient
response performance and so on.

According to these, as the primary probe, the thesis researched the
parameters design and control strategy of the fuel cell hybrid electric vehicle.

The design of hybrid powertrain is the key to the fuel cell hybrid electric
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vehicle. It determines how the advantages of electric-electric hybrid bring into
play. The thesis brought forwards the methods of components selecting and
parameters design systematically and worked out the powertrain design of the
fuel cell hybrid electric vehicle based on the characteristics of the vehicle
Hongqi. The simulation program Advisor is applied and in order to analysis
the potential of hybridization comprehensively, four standard drive cycles of
varying dynamics are investigated. It is determined that the fuel economy with
hybridization is high than without use of battery; thisis the result of complex
effects of both the mean operating efficiency of fuel cells and capture of the
regenerative brake energy; the superiority is highly dependent on the
simulation drive cycles. Besides these, comparing with fuel cell electric
vehicle, the use of battery allows rapid start-up. Through analysis and
calculation it is proved that the fuel cell hybrid electric vehicle can reduce the
cost of the fuel cell electric vehicles power device by 20%. The configuration
of the fuel cell hybrid electric vehicles resolves the problem of rapid start-up
and transient response of the fuel cell electric vehicles.

Control strategy is the kernel of the fuel cell hybrid electric vehicle. The thesis
analyzed and designed the control strategy of the fuel cell hybrid electric vehicle
powertrain aiming at improve the fuel economy and performance of the vehicle. The
start-up control strategy makes the most of the characteristic of the rapid start-up of the
battery. The better control algorithm is presented: the power flows between the
mechanical brake torque and regenerative brake torque revolves the SOC of the battery
and vehicle speed and the limit of the regenerative brake torque. According to the
operating modes worked out the algorithm of the power flow between the fuel cell
system and the battery. In the overall drivetrain system various assemblies are controlled
by more than one controller. In such case, a communication network between these
controllers should be established using a communication protocol. The overall control
system applies the controller area network (CAN) which has widely used in most vehicle
drivetrain to substitute conventional data information transmission protocol. In this
thesis has designed a control system structure scheme for fuel cell hybrid electric vehicle
based on CAN bus and demonstrated its feasibility.

The thesis settled a foundation for designing powertrain and parameter
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and establishing off-line simulation model of the proton exchange membrane
fuel cell hybrid electric vehicle. The principle presented , the conclusion drew
here and the control strategy require to improve by research and development
with experiments deeply next.

Keywords: Proton exchange membrane fuel cell, hybrid electric vehicle,

parameter design, control strategy, CAN (controller area network)
bus
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