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Outline

• Modeling of a  PEM fuel cell system
• Control of air supply loop (performance trade-

off and control configuration study)
• Power management of fuel cell vehicles
• Laboratory facility
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Fuel Cell Vehicle Control Problem
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Control of Air Supply

Goal: To provide sufficient air flow to achieve 
fast transient response, and reduce auxiliary 
power consumption

Assumptions: Fast hydrogen loop, 
Perfect temperature and humidity control



5

ARCAutomotive Research Center

Compressor and Manifolds Model
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• Cathode Mass Flow Model
• Anode Mass Flow Model
• Membrane Hydration Model
• Stack Voltage Model

Fuel Cell Stack Model
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• Cathode Mass Flow Model
• Anode Mass Flow Model
• Membrane Hydration Model
• Stack Voltage Model
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Control Objectives
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Performance Tradeoff 

Varigonda et al, AICHE 2003
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Main-loop Fuel Cell Vehicle Control 

Supervisory Controller

Cooling 
system Electric drive

Driver command

Measurements

Battery
DC/DC 
converter

Fuel cell
system

H2 system (valve, 
Reformer, HOD)

CAN bus
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Fuel Cell Control Test StationFuel Cell Control Test Station

1082 WE Lay Auto Lab 

Thermal
Management

Mass Air
Controllers

Hydrogen Sensor

Hydrogen
Storage and 
Pressure 
Regulation

Controllable
Load
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PEM Fuel Cell (24 cells, 2.5 kW)PEM Fuel Cell (24 cells, 2.5 kW)
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ElectronicsElectronics
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Major Thrusts

• FCS level MIMO control
– Understand fundamental characteristics and 

performance limit (e.g., due to NMP zeros)

• FC vehicle Power Management

• Models for improved membrane humidity 
management and purging—stack durability and 
efficiency.


