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Inverter System Specifications

FC

Input source

Output power

Phase(s)
Output voltage

g

Inverter
System

—)

120V/240V
split single

I—_ phase

Fuel cdll, 42 - 72V (48V nominal)

10kW continuous for paper design,
1.5kW for prototype

split single phase
120V / 240V nomina, 60Hz
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Fuel Cells as Electric Power
Sources

= Fuel cells use H2 and air (oxygen) as
fuel

= Air compressor needed

= Hydrogen needed (tank or methanol
reformer)

s 2H2+02 ® 2 H20
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Fuel Cell Static Characteristic
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Static FC Characteristics for
various hydrogen flow levels
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Main Challenges

= Slow dynamics of fuel cell P battery

= Low fuel cell supply voltage b step-up
needed

= No current backfeed allowed
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Design Decision Tree

= |solation

= Transformer frequency

= High voltage DC link or AC link
= High or low voltage battery

= Battery position
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Design Decision Tree

|solation?

non isolated isolated

Transformer
frequency 2
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transformer transformer
HV DC link HV AC link ‘
Battery
position?
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High Low In parallel with the On the main Activefilter
voltage voltage fuel cell power flow path
battery battery
|
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Solution with 60 Hz
Transformer
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FC _ 60Hz Output
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HV DC or AC Link?
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HV DC link
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HV DC Link

HV AC link

- converter
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converter bridge T
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Battery Design Choices

Battery
voltage rating?

High Low
voltage voltage
battery battery
Battery
position?
In parallel with the On the main Activefilter
fuel cel power flow path
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High Voltage Batteries

1
FC | sol ated T Dual half
converter e 1 bridge 0
— = converter —
e T .

= Cost and reliability of high voltage
batteries
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Battery Position

Battery
voltage rating?

High
voltage
battery

Battery
position?

In parallel with the On the main Active filter
fuel cel power flow path
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Battery in // with Fuel Cell

C |nverter

- system T

 Fuel cell current not directly controlled
» Mismatch between fuel cell and battery

impedance
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Battery on Main Power Flow
Path

battery
I g — 0
FC Boost — Bridge | solation Cyclo Filter
converter — inverter transformer converter —T
e e L9

 Additiona power conversion stage: efficiency
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Our Solution: Active Filter

0
| Slow E Power
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ot FC / source
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dynamics
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— Active
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Active Filter Control
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Active Filter Simulation

/‘ \ Actiyve filter
Load " Fuel-cell | \ | ¢urnent

lscurrent & A IR VA | | 2
/ current \

Univ. of South Carolina Power Electronics Group



The Virtual Test Bed (VTB)

e Project sponsored by ONR

e Simulation and Virtual Prototyping environment for
advanced power systems

e \/TB supports

e Multidisciplinary simulation (electromechanical, fluid flow,
chemical...)

e Multiformalism (Simulink, ACSL...)
e Advanced visualization
e Hardware in the loop

e Freely available at
http://vtb.ee.sc.edu/
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* |s an environment for integrating the
work of interdisciplinary teams

+ Provides a “common language” for
expression of problems and solutions

* Enables virtual prototyping and tuning
of complex dynamic systems.




Example Schematic
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VTB PEM Fuel Cell V-I
Characteristics
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Hybrid Advanced Power
Systems (HAPS)

. Super
¥ capacitors

H2 storage PEM Fuel cells
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Objectives

= Collaboration with Chem Eng Dept (Prof.
White, Van Zee, Weidner, Popov, etc.)

= Create accurate physics-based and system
level models of electrochemical energy
storage and conversion devices

= Apply those models in the design of portable
power systems that optimally meet mission-
specific power profiles

= Develop general methodology for system
optimization

Univ. of South Carolina Power Electronics Group



The 21t Century Soldier
System

Helmet Equipment

Soldier Radio
Squad Radio

Video Recorder
Thermal Weapon Sensor

Global Positioning Sensor
Portable Computer H
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Conclusions

= Active filter design for fuel cell system
= VTB as simulation tool (fuel cell model)
= HAPS project with Chem Eng Dept
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