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ABSTRACT
This study explored the backward powertrain optimization analysis and Hardware in-the-Loop (HIL) design of PEM hydrogen fuel
cell motorcycle. This study used the hybrid power system and pure fuel cell power system to simulate and analyze the backward
powertrain of fuel cell motorcycle under the European Community Normalized (ECN) driving cycle. The fuzzy logic controller and
mode logic controller based were adapted to simulate and analyze the hydrogen flow control in backward powertrain of fuel cell
motorcycle. The fuel cell simulation model development in this study had been tested and verified with fuel cell experiment test
machine. PEM fuel cell output voltage and transient data were observed the 8W single cell under different load current and fuel inlet
temperature. The fuel cell optimized simulation model parameters were searched by using fractional factorial analysis of
Experimental Design Method (DOE). HIL approach was established to simulate and analyze the dynamic response and control of
fuel cell inlet temperature control real-time environment. The fuzzy logic controller parameters were optimized by using the
desirability approach to find the proper type of membership functions of the fuzzy controller so that fuel cell output power be
maximized while maintained the minimum consumption of the hydrogen fuel. The simulating model was proved to be effectively
simulating the fuel cell output voltage and transient characteristic of the single cell. The hybrid power system energy management of
fuel cell motorcycles were also optimized to find proper distribution from battery and fuel cell. The simulation result showed
optimum fuzzy logic controller had better performance than original baseline controller. The simulation result showed optimum
fuzzy logic controller had better performance than original fuzzy logic controller and mode logic controller. This study also
compared the performance of Hybrid power system and pure power system of fuel cell motorcycle performance. The hydrogen
consumption of different fuel cell motorcycle was estimated, from the simulation result, the hybrid power system was proved to have
less hydrogen consumption. The methodologies developed can be used to reduce the trial and error development schedule and
expanses for fuel cell and fuel cell motorcycle hydrogen fuel controller.

Keywords : Hydrogen Fuel Cell Motorcycle Dynamic Controld Optimization of Fuzzy Logic Controller ParametersC] Fuel Inlet
Temperature control of PEMFC

Table of Contents
0000 00D ooooooooooooona iooooooon
O ivOOoOoo Vv
ABSTRACT vii O O ix O
O x0O OO0 xiii 0 O
O xxJ O OO xxiiO OO O
O 11100 112000
O 21210000000000 212200
ooooooooooooog 61230 0000000000
O 111240 0000000000000O000O0 1413000
O 17140000 18000 00d
oo 19210 00000000000000 1922
d00000do0DOdoDoooD00odobDoD 0oo00ooooDooooo-26221000000000000000
ood 262220 000000000000 0O0ODOO0O0O OD00O00OO -mmmmmmmr 332300000
dooddoooooooooog 39231000000 41
232000000000 oDa 412330000000
O 422400 00000000000000O000DOOO 48 0 O
0ooooo 49310 0000000000000
O 493110 0000000000000 513120000000

goooogon 59320 00000000000000OD0bO0ObOOOD 70




3z 00b0o0obOoboboboooboooboooo 953310 0000000000000 00DOO

I 05332000 000000000000O0OD0O0O0O OO0 -mmmmmmmmmmmmmenaes 983400000000
googn 107341 0000000000000 000O000O ODOO0OO0O --mmmmmmmeen 108
3420 0000000000000 00O0OO0DODODO0D0O00O0 - 1183430 000000000000 O0OO
00 D0000 -mmmmmmmmmen 129000 00 132 4.10

O 132420 0000000000 1350
gogd 136

REFERENCES

[1]9.H. Wang et.al., "The Prospects-Fuel Cell Motorcycle in Taiwan," Journal of Power Sources 86, pp.151-157, 1999.01

[2]B.Lin, "Conceptual Design and Modeling of a Fuel Cell Scooter for Urban Asia," Journal of Power Sources 86, pp202-213, 2000.0

[3]C.Tso, and S. Y. Chang, "A Viable Niche-Fuel Cell Scooters in Taiwan," International Journal of Hydrogen Energy 28, pp.757-762, 2003.0]
[4]9.M. Correa et.al., "An Analysis of the Dynamic Performance of Proton Exchange Membrane Fuel Cells Using an Electrochemical Model,"
Industrial Electronics Society, IEEE IECON '01, pp.141-146, 2001.00

[5]9.M. Correa et.al., "Simulation of Fuel-Cell Stacks Using a Computer-Controlled Power Rectifier with the Purposes of Actual High-Power
Injection Applications,” IEEE Transaction on Imdustry Applications, pp.1136-1142, 2003.00

[6]9.M. Correa et.al., "An Electrochemical-Based Fuel-Cell Model Suitable for Eectrical Engineering Automation Approach,” IEEE Transactions
on Industrial Electronics, pp 1103-1112, 2004.01

[71X.A. Xue et.al., "System Level Lumped-Parameter Dynamic Modeling of PEM Fuel Cell," Journal of Power Sources 133, pp.188-204, 2004.00
[8]S.Yerramalla et.al., "Modeling and Simulation of the Dynamic Behavior of a Polymer Electrolyte Membrane Fuel Cell," Journal of Power
Sources 124, pp.104-133, 2003.0

[9]W.Friede, "Mathematical Model and Characterization of the Transient Behavior of a PEM Fuel Cell," Power Electronics, IEEE Transactions
on, pp.1234-1241, 2004.0

[10]S.Yerramalla et.al., "Dynamic Modeling and Analysis of Polymer Electrolyte Fuel Cell," Power Engineering Society Summer Meeting, IEEE,
pp.82-86, 2002.00

[11]M.Y. Sharkh et.al., "A Dynamic Model for A Stand-Alone PEM Fuel Cell Power Plant for Residential Applications," Journal of Power Sources
138, pp.199-204, 2004.0

[12]Z.Yangjuna et.al., "A Model Predicting Performance of Proton Exchange Membrane Fuel Cell Stack Thermal Systems," Applied Thermal
Engineering 24, pp.501-513, 2004.0

[13]Y.H. Kim and S. S. Kim, "An Electrical Modeling and Fuzzy Logic Control of a Fuel Cell Generation System," IEEE Transactions on Energy
Conversion, pp.239-244, 1999.00

[14]9.0. Schumacher et.al. "Control of Miniature Proton Exchange Membrane Fuel Cells Based on Fuzzy Logic," Journal of Power Sources 129,
pp.143-151, 2004.00

[15]Y.Gao and M. Ehsani, "Systematic Design of Fuel Cell-Powered Hybrid Vehicle Drive Train,” Advanced Powertrain and Engine Technology,
SAE, 2001.00

[16]K.S. Kwi and B. S. Oh, " Fuel Economy and Life-Cycle Cost Analysis of a Fuel Cell Hybrid Vehicle," Journal of Power Sources 105, pp.58-65,
2002.00

[17]3.H. Jung et.al., " Power Control Srategy for Fuel Cell Hybrid Electric VVehicles," Fuel Cell power for Transportation, SAE, 2003.0
[18B0000"0 000000000000 00000000000O" 00000000000 0D000O0DoDoOoooooOoon
[19]J.Schaffnit et.al., "Hardware-in-the-Loop Simulation for the Investigation of Truck Diesel Injection Systems,” American Control Conference,
pp.21-26, 1998.0

[20]S.Alles et.al., "Realtime Hardware-in-the-Loop Vehicle Simulation," Instrumentation and Measurement Technology Conference IEEE,
pp.159-164, 1992.01

[21]B.K.Powell et.al., "Hardware-in-the-Loop Vehicle and Powertrain Analysis and Control Design Issues,"American Control Conference,
pp.21-26, 1998.0

[22]S.Brennan et.al., "The lllinois Roadway Simulator-a hardware-in-the-Loop Testbed for Vehicle Dynamics and Control," American Control
Conference, pp.493-497, 1998.01

[23j000000"0000:00000"™000oo0ooooogg

[24]L.James, "Fuel Cell Systems Explained," Wiley, 2003.



