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ABSTRACT
This research explored the Proton Exchange Membrane, (PEM) Hydrogen fuel cell motorcycle control system dynamic simulation
and analysis methodologies. Hardware-in-the-Loop (HIL) and Model to Chip technology were applied to simulate and analyze the
dynamic system response of the fuzzy power distribution controller of the fuel cell motorcycle. Proper design of the fuel cell
motorcycle controller can integrate the electric energy storage power control system, motor and alternator control system, and the
electronic transmission control system. With the data from sensors of each individual subsystem collected, fuel cell motorcycle
controller has to achieve the performance specifications under the motorcycle driving design requirements. Controller design
parameters can then be evaluated and analyzed according to different motorcycle operating conditions driving performance. The
dynamic performance model of the fuel cell motorcycle was developed and used to revise the parameter of fuzzy power distribution
controller to reach the necessarily performance under the model-based control environment. After the optimized parameters were
found, the fuzzy controller was then separated from the simulation of the model-based simulation of the fuel cell motorcycle system.
Fuzzy controller parameters were embedded into a microprocessor by Model to Chip technology based on the Motorola MC68376
chip platform, and tested under HIL with fuel cell motorcycle dynamic simulation model. The fuel cell model development in this
study had been tested and verified, which was proved to be effectively simulating the fuel cell output voltage and transient
characteristic of the single cell and stacks. The optimized model parameters were searched by using fractional factorial analysis of
Experimental Design Method (DOE). This study also compared the performance of pure PEM and Hybrid PEM motorcycle
performance, the energy consumption of different fuel cell motorcycle were estimated, from the simulation result, the hybrid energy
system which has the small power fuel cell and an auxiliary battery get better performance. From the HIL simulation of the dynamic
response under different driver handlebar electric switches opening conditions, simulation was observed to have reasonable result
thus validated the real-time control ability and feasibility of HIL technology. Result showed reasonable trend for HIL simulation in
the forward fuel cell motorcycle powertrain simulation and can be referenced for future rapid prototyping development. The
methodologies development can thus reduce the trial and error development schedule and expanses for fuel cell motorcycle
controller.

Keywords : Fuel Cell Motorcycle[] Fuzzy Controller(] Hardware-in-the-Loop
Table of Contents

000000 DO0D0DO0O000DO0DO0O0OO0DOOWmbOO0oDOObDOb0ivbOOOn0O vABSTRACTVIIOD ixOO x0O
O0xidDOxiiDOOOxviiiOOO 00 11100 1120000 31.2100000000000000 312200
0000000000000 e612300000000000O0O 11130000 1414000000000 1500000
00 16210 00000000000 17211000000 17212000000000 262200000000 282.30
00000 3124000000 3425000000000000003260000000000000O0 300000
0000 45310000000 O (Hardware-in-the-Loop) 46 3.20 0 0 0O 0O O (Model to Chip)52 0 00 00 OO DO OO 62
4100000000000000 62420 000000000000000000 82430 0000000000DO0O
0000000 88440000 00O Model-BasedD OO0 9445Model-Basedd D00 O0O0D0OOOO 994600000
O03-DOO0DOOOO 1054.70 0 Model-BasedD O O OD/AO O 108480 0000000000000 110000 OO
000 1145100 114520 0000000000 1160000 117000 01100000060 1.2000000C0O
OO000[1]701.30000000012]801.4000000000[12]80 1.5000000000DOOOODO
O[5]90 1.600000000000O([26]120 1.700000000C000ODO([27]130 2.1 00000000 160 2.
0000000000000 1702300000000 00ODOO0O0OO 180 24000000 UODDOOOO 22
0 2500000000000 2202.600000000000220270000000000000O 230 2.800
000000000230 290000000000 2402 1000000000 2402 110000000000 250
212000000 260 2130 0000000000270 214000000000000 270 21500000000
300216000000 310 217000000 3402180000000 302 19000000000000000
000030 2200000000000000 370 2.210000000000000000 370 22200000



00000000380 2.230000000000000 380221400000 000000000000003D0O 42
022000000000000000003D0O 420 2.26SO0CO00000O00OODODODOOOOO3DO 430 2.
27SOCO0D0D000000NDDODO0OO3DO 430 2.28000soCO00ddODO3Dd 440 3.1 Model-Based 00 00 O
0460 3.2Model-Based D 00000 480 3.3Model-Based D0 OO0 OO0O0O 480 3.4Model-Based D 000000
490 3.500000000000006500 3.600000000000O 500 3.7NI-DAQ6062EC 0O OO 510 3.8
MC683760 0 00D O0OD0OO0NO 30 3.9000000O(ModeltoChipD 0D D0OODOOOOS540 3.100000000
000000002-DbO0O0O 550 3.11Scope 00 DO2-DODO O 560 3.12MATLABO 3-DO OO ODOO 560 3.13
SimulinkO Direct Look-Up Table (n-D)O 0 57 0 3.14MC6837600 0 0000 570 3.150000000 580 3.16
MCe83760 D 00D O0ODOOOB90 3.170 0000000 OCOODO 600 3.180 0000000000610 4.100
doode3n 4.28wlDddpdoodnoe4dd 4300000000000 60 4 4000000000000O0
0650 4.5STATISTICAU DO OODO 670 4.6 STATISTICAODODOOO 680 4.7000000000O00OO0DOO 690
4,800000000D00O 700 4.900000000000ODOO 720 4100000000000 OO0ODO 720 4.11
0000000000000 730 4.12000000000000000(1A5A-1A)740 4130000000000
O00000((1ALBA-1A) 740 4.14300WO0 00000 750 4. 15 STATISTICAD OO OO 76 0 4.16 STATISTICAO O O
00770 41700000000000007804.180 000000000790 4. 190000000000O000O00O
000000 seod 4200000000000 00000O000DO 800 4.2000000000000O 840 4.220
O0d00oD0O00000oooODOo 8400000000000 0OD00000DODOO 8042400000000
00d0O0ODO0000O0oDoesd 425000000000 000DOODOO0OO 860 4.2600000000000003
OodooDs8sr04.270000000000O0DO0DO90O 4280000000000 000000000OOD 90 4
290 0000000000000 DODOe1D4300000000000DOODOO0O0O0OOC1I0 4 31000000O00O0
0000000000920 4.320000000000000000O0000920 4.3300000000000000
0(0C)93 0 43400 000000000 0O0O0O 9O 4.350000000000000O000O00O0O0O00O0 90O 4.360
00000000000 nooo0o0 9D 4370000000000 0000000DO 970 4.380000000000
00000000980 4300 0000000000000 1000 4.400000000(Case) 000D ODODOOO
001000 4.410000000(Case20 000 00OOO0OODOO 1010 4.420000000(Case3) 000000
000000 10104430 0000000000000000000000 1020 440000000 (Casel)0O0
000000 1020 4450000000 (Cese D000 O0OO0O0O 1030 4460000000 (Case3)0OODOO
001030 4.470 000000000000 00O0O0O0ODO 1040 4.4800000000003-DOOO0OO 1050 4
Q000000000030% 1060 4.50000000000050% 1060 4.510000000000100% 1070 4.52
OOD/A0ODO OO 1080 4.53 Model-BasedD DO OD/AO D OODO 1090 4.540 00000000000 1110 4.55
0000000000000 1120 4,560 000000000000 1120 4.570000000000000 1130
4.580 0000000000 113000 0 1.100000000000[1]30 L.2000000000000000
02140 1.300000000000000000000O00O[3]40 41000000000 660 4.2STATISTICAO
0ooddoesd 43000000670 44000000690 4500000000000 71046000000 71
0470000000007 048000000760 49000000770 4 1000000000000 780 4
1100000000ITAEDDO 790 4.120000 1091

REFERENCES

[1]W. G. Colella, "Market Prospects, Design Features, and Performance of A Fuel Cell-Powered Scooter," Journal of Power Sources, pp.255-260,
2000.0

[2]C. Tso, and S. Y. Chang, "A Viable Niche Market-Fuel Cell Scooters in Taiwan," International Journal of Hydrogen, pp. 757-762, 2003.00
[3]J. H. Wang, W. L. Chiang, and J. P.H. Shu, "The Prospects-Fuel Cell Motorcycle in Taiwan," Journal of Power Sources, Vol. 86, pp.151-157,
2000.0

[40D000"00000000000000""00000000s5s00000000000d
[[l000000000000" 00000000000 oDOoo"d00oOoo20000000oooooad
[(I0000000D00O00O0 "PEMFCOOOCOOOODOOODOO"ODOOOOD2r00300000000
[(l00DO00"000O00000O00oo"ooo0ooDooo440oo00oooooo
[BUOO00000D0000DO" 000000000 0ooOO0o"o0ooo20 000000000000
QuUuoood0ooo"Wooooooooooo"ooooooo7oloogoooogog
[oj0o0o0O0"0000D000"™Wo00oooo7i0000oDooooon

[11]M. T. Igbal, "Simulation of A Small Wind Fuel Cell Hybrid Energy System," Renewable Energy, pp.511-522, April, 2003.00

[12]J.M. Correa, F.A. Farret, and L.N. Canha, and M.G. Simoes, "Simulation of Fuel-Cell Stacks Using A Computer-Controlled Power Rectifier



With The Purposes of Actual High-Power Injection Applications,” IEEE transactions on industry applications, vol. 39, pp. 1136-1142, 2003.00
[13]J.M. Correa, F.A. Farret, and L.N. Canha, "An Analysis of The Dynamic Performance of Proton Exchange Membrane Fuel Cells Using An
Electrochemical Model," Industrial Electronics Society. The 27th Annual Conference of the IEEE, vol. 1, pp.141-146, 2001.00

[14]J.M. Correa, F.A. Farret, and L.N. Canha, and M.G. Simoes, "An Electrochemical-Based Fuel-Cell Model Suitable for Electrical Engineering
Automation Approach,” Industrial Electronics, IEEE Transactions on, vol. 51, pp. 1103-1112, 2004.00

[15]S.Yerramalla, A. Davari, and A. Feliachi, "Dynamic Modeling and Analysis of Polymer Electrolyte Fuel Cell," Power Engineering Society
Summer Meeting, IEEE, vol. 1, pp. 82-86, 2002.00

[16]A. Rowe, and X. Li, "Mathematical Modeling of Proton Exchange Membrane Fuel Cells," Journal of Power Sources, pp. 82-96, 2001.0J
[(7i000O" 0000000000000 0000O00O00O" 0000000000000 0O0OOODO200000
[B0000"0 00000000000 0DO00DO"m030 0000000000000
[P0C0O0Oo"000000O0o0ooo0ooooooooooooooo oo oooooooooooooooogoo
[20]Y. H. Kim, and S. S. Kim, "An Electrical Modeling and Fuzzy Logic Control of A Fuel Cell Generation System," Energy Conversion, IEEE
Transactions on, pp. 239-244, 1999.01
[1j0CO0O0O"0000000000000O0O0O0O0OoOoOoOOoOoOo o000 ooooooooooogg
[22l0C0C0O"O0O0000O00O0O0O0O0O0O0OO"J0000000000O0000OOOLOOOOOOOOo
[23l0CO0O0O"0000000000U0UUoUoOo o000 oooooooogoogg

[24]J. Schaffnit, S. Sinsel, R. Isermann, "Hardware-in-the-Loop Simulation for The Investigation of Truck Diesel Injection Systems,” American
Control Conference, 1998. Proceedings of the 1998, pp.21-26, 1998.01

[25]S. Alles, C. Swick, S. Mahmud, F. Lin, "Real Time Hardware-in-the-Loop Vehicle Simulation,” Instrumentation and Measurement
Technology Conference, pp. 159-164, 1999.00

[26]B.K. Powell, N. Sureshbabu, K.E. Bailey, M.T. Dunn, "Hardware-in-the-Loop Vehicle and Powertrain Analysis and Control Design Issues,"
American Control Conference, Proceedings of the 1998, pp. 21-26, 1998.00

[27]S. Brennan, A. Alleyne, M. DePoorter, "The Illinois Roadway Simulator - A Hardware-in-the-Loop Testbed for Vehicle Dynamics and
Control," American Control Conference, Proceedings of the 1998, pp. 493-497, 1998.0

[28]H. Hanselmann, "Hardware-in-the-Loop Simulation Testing and Its Integration Into A CACSD Toolset," Computer-Aided Control System
Design, 1996. Proceedings of the 1996 IEEE International Symposium , pp.152-156, 1996.00

[29]M. J. Blomen, and M. N. Mugerwa, "Fuel Cell Systems," Plenumprees, New York, 1993.00

[30]R. F. Mann, J. C. Amphlett, M. A. Hooper, H. M. Jensen, B. A. Peppley, and P. R. Roberge, "Development and Application of A Generalised
Steady-State Electrochemical Model for A PEM Fuel Cell," Journal of Power Sources, vol. 86, Issue 1-2, March, 2000.00

[31]J. E. Larminie, and A. Dicks, "Fuel Cell Systems Explained," Chichester, U.K.Wiley, pp.308, 2000.



