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Main Objectives

Understand the impact of different control strategy 
philosophies on fuel efficiency and component operating 
conditions.

Analyze the most appropriate set of control parameters to 
maximize fuel efficiency while maintaining acceptable drive 
quality (e.g., engine starts) and maximizing battery life (e.g., 
low RMS current).

Evaluate fuel efficiency obtained with different control 
strategies over Real World Driving Cycles (RWDC’s) and 
compare to the J1711 procedure.
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Milestones
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Q1 Q2 Q3
Develop Controls

Tune Parameters

Run Simulations on Real 
World Drive Cycles (RWDC)

Analyze Impact on 
Components Operation
Write report

Select “Best Control”
per vehicle

Current Status

Q4
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Approach – Vehicle Definition
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Approach - Control Strategies Considered 
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Differential Engine Power Strategy
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

 

The engine is started when wheel power demand exceeds a 
certain threshold. 



 

It then provides the difference between the wheel power demand 
and the power threshold.



Load Following Strategy
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

 

The engine is started when wheel power demand exceeds a 
certain threshold. 



 

It then provides the full wheel power, i.e. it is load following



Constant Optimal Engine Strategy
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

 

The engine is started when wheel power demand exceeds a certain 
threshold. 



 

Engine then operates at its optimal power. 


 

If engine power exceeds wheel power demand, the battery is charged.

Battery 
charging



Different Strategies Influence Energy Tradeoff – 
How Do We Select The “Best” Control?
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Kernel Density Will be Used to Compare 
Control Options
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Best Fuel Economy with “Differential Engine 
Power” Strategy for the 4kWh Power Split
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Preliminary results
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Controls have similar 
operation for low wheel 
power requirements

Depleting faster leads to higher 
peak energy values

4kWh Split Preliminary results
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Performs best regarding 
# of engine starts

4kWh Split Preliminary results



Best Control Selected for Each Configuration Based on 
Criteria of Fuel Consumption & Number of Engine Start
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Higher Average Engine Efficiency (at its 
maximum) for the Series Configuration
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Future Activities

 Expand study to other Real World Drive Cycles 
(RWDC) – Source INL

Develop and test control strategies with trip recognition
 Implement controls on hardware (if possible)
Understand differences with J1711 fuel efficiency 

results
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Summary
The analysis is only valid for the specific set of RWDC.
Several control strategies and set of parameters were 

evaluated on Real World Drive Cycles.
Different controls were selected based on fuel efficiency and 

drive quality.
Control selected varies depending on the battery energy.

– Load Following for 4kWh battery
– Optimum Engine for 8kWh battery
– Thermostat for 12 and 16 kWh battery

 Impact of component operating conditions assessed
Preliminary comparison with J1711 shows fuel economy 

under evaluated

Presenter
Presentation Notes
Lee Item #7 (Justification) -> Bring Technologies to Market 
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