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This Study Involves Knowing
Our Sensitivity Definition: 
Platforms: Compact, Midsize, SUV
Drive Cycles: UDDS, HWFET
Configuration: Conv, Parallel, Fuel Cell, Fuel Cell 
HEV
Powertrain no Resizing
Powertrain with Resizing
Controller no re-tuning

dX
dm
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Simulations Performed with PSAT
 Powertrain Systems Analysis Toolkit
 Argonne National Laboratory
 Models – Matlab & Simulink
 Graphical User Interface – C# .Net Framework
 Software Architecture – Ideal for Vehicle Level Controller Design
 Primary Vehicle Model - FreedomCAR & 21st Century Truck Partnership 
 Research & Development Magazine 100 Award in 2004
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FreedomCAR Goals
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Representatives of Today and Tomorrow

1) Conventional

2) Full Parallel

3) Fuel Cell 
Hybrid 

4) Fuel Cell 
Only
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Vehicle Platform – Minimal Effect
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Parallel: Regen Insensitivity Partially 
Canceled by Engine Insensitivity
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Configurations with Higher FCV Efficiency  
are Less Sensitive to Change in Vehicle 
Mass
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Resizing Reveals Repercussions of Regen

Combined
Midsize
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Scratching the Surface
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Aggressive cycles will lead to higher 
sensitivity

∫
≥

=
0

'

a fcvdriveline

veh

vehicle

fuel dtP
dm
dE

ηη ∫
≥

−
0

'

a driveline

fueldriveline dt
P

η
η

∫
≥

−
0

'

a fcv

fuelfcv
dt

P

η

η

∫
≥

−
0

'

a fcvdriveline

essdriveline dtP
ηη

η
∫
≥

−
0

'

a fcv

ess dtP
η



15

The greater the fuel converter and 
driveline efficiencies, the lower the 
sensitivity
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The greater the variation of fuel converter 
and driveline efficiencies, the lower the 
sensitivity
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Battery Partially Eclipses a Mass Increase
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Sensitivity for NO Resizing
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Sensitivity for Resizing

2006-01-0665
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From these simulations
 Platform – Minimal Effect
 Drive cycle – Aggressive Cycles
 No Resizing

1)  Conventional: No Regen, ICE Drops
1)  Parallel: Regen, ICE Constant
2)  Fuel Cell: No Regen, FCV Higher
2)  Fuel Cell HEV: Regen, FCV Higher



21

From these simulations
 With Resizing

1. Conventional:  No Regen, ICE Constant
2. Parallel:               Regen, ICE Constant
3. Fuel Cell: No Regen, FCV Higher
4. Fuel Cell HEV:      Regen, FCV Higher

 FreedomCAR goals => lower mass sensitivity
 ICE η , FCV η 
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Contact Info
www.transporation.anl.gov
Aymeric Rousseau: arousseau@anl.gov

http://www.transporation.anl.gov/
mailto:arousseau@anl.gov
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Bad slides
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When Resizing the Powertrain, Conventional 
Vehicles are the Most Sensitive
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Main Factors and Trends Influencing Fuel 
Economy Sensitivity to Mass
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What the FreedomCAR?
 FreedomCAR (Cooperative Automotive Research) 

 is a partnership between DOE and the U.S. Council for Automotive 
Research, a cooperative endeavor among DaimlerChrysler, Ford, and GM 

to conduct pre-competitive research

Our long term vision:  A transportation system free
from emissions and dependence on petroleum.
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Fuel Economy Sensitivity to Mass 
Reduction – Definition & Analysis
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- The greater the fuel converter 
and driveline efficiencies, the 
lower the sensitivity

- Aggressive cycles will lead to 
higher sensitivity

- The greater the variation of fuel 
converter and driveline 
efficiencies, the higher the 
sensitivity

- A decrease in mass will lead to 
less regenerative braking and 
will lower the sensitivity
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Effect of Vehicle Mass Reduction on Fuel 
Economy for Different Vehicles
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Effect of Vehicle Mass Reduction on Fuel 
Economy for Different Vehicles
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 Lower FCV η => Conventional & parallel HEV 
more sensitive.

 Higher FCV η => Fuel cell less sensitive.
 Regenerative braking => lower mass 

sensitivity
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FreedomCAR&Fuels: US Free from Oil
 FreedomCAR (Cooperative Automotive 

Research)
 FreedomCAR  = U.S. DOE + USCAR
 USCAR (United States Council of Automotive 

Research) = General Motors + Ford + Daimler 
Chrysler

 A transportation system free from emissions 
and dependence on petroleum
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