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ABSTRACT

Optimizing Control of Shell Eco-marathon Prototype Vehicle to Minimize Fuel

Consumption

Chad Louis Bickel

Every year the automotive industry strives to increase fuel efficiency in vehi-

cles. When most vehicles are designed, fuel efficiency cannot always come first.

The Shell Eco-marathon changes that by challenging students everywhere to de-

velop the most fuel-efficient vehicle possible. There are many different factors

that affect fuel efficiency, and different teams focus on different vehicle parame-

ters. Currently, there is no straightforward design tool that can be used to help in

Shell Eco-marathon vehicle design. For this reason, it is difficult to optimize every

vehicle parameter for maximum fuel efficiency.

In this study, a simulation is developed by using basic vehicle models and exper-

imental data to accurately represent any prototype-class vehicle in the Shell Eco-

marathon. This simulation is verified using different experimental data from an

on-vehicle data acquisition system. An easy-to-use design tool is developed, and

this tool is used to optimize driving strategy and final drive ratio to maximize fuel

efficiency.
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NOMENCLATURE

_mi Fuel Injector Flow Rate, mL=fuel ms

� Final Drive Ratio

 Drivetrain Efficiency

!0 Clutch Shoe Engagement Speed, rad=s or rpm

!e Engine Speed, rad=s or rpm

!i Engine Idle Speed, rad=s or rpm

�c Torque from Clutch, lbfft

�e Torque produced by Engine, lbfft

� Angle of Road, � or rad

tRC Time Vector Data, s

vRC Speed Vector Data, ft=s

x State Variable

BSFC(!e) Brake Specific Fuel Consumption Table, (slug=s)=(lbfft=s)

Cc Clutch Engagement Coefficient, (lbfft)=(rad2=s2)

CD Experimental Coefficient of Aerodynamic Drag, lbf=(ft2=s2)

CV Experimental Coefficient of Wheel and Bearing Resistance, lbf=(ft=s)

Fdt Force Exerted by Drivetrain on Vehicle, lbf

fPW Fuel Injector Pulse Width, fuel ms

Frl Road Load Force on Vehicle, lbf

Frr Experimental Constant of Rolling Resistance, lbf

frr Coefficient of Rolling Resistance

g Acceleration Due to Gravity, ft=s2

Je Engine Mass Moment of Inertia, slugft2
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K! Starting Engine Acceleration Constant, rad=s2

Kmf
Starting Fuel Consumption Rate Constant, slug=s

mf Total Mass of Fuel Consumed, slug

mv Total Vehicle Mass, slug

p Vehicle Position, ft

poly(x; y) Polynomial Regression Function

r Rear Wheel Radius, ft

u Driver Input to Engine

v Vehicle Speed, ft=s

vmax Maximum Vehicle Speed, ft=s

vmin Minimum Vehicle Speed, ft=s
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