
TEAM HEV architecture engine Fuel Transmission Energy Storage Motor

Michigan Technological 
University

Through-the-road Parallel  2.0-L 4 Cylinder Spark 
Ignition

Reformulated 
Gasoline

4-Speed Automatic COBASYS, Nickel Metal 
Hydride - 336V 

50 kW Solectria  
AC Induction Transaxle

Mississippi State  
University

Through-the-road Parallel 1.9-L GM Direct  
Injection Turbo Diesel

Bio Diesel 
(B20)

GM F40 6-speed 
Manual

Johnson Controls, Nickel 
Metal Hydride - 330V

45 kW Ballard Integrated 
Power Transaxle

The Ohio State University Through-the-road Parallel 1.9-L GM Direct  
Injection Turbo Diesel

Bio Diesel 
(B20)

Aisin-Warner AF40 
6-speed automatic 
transaxle

Panasonic, Nickel Metal 
Hydride - 300V

67 kW Ballard AC Induction
Transaxle / 10.6 kW  
Brushless DC Generator

Pennsylvania State 
University

Post Transmission Parallel 1.3-L GM Turbo Diesel Bio Diesel 
(B20) & 
Hydrogen

Aisin AF33-5, 5-speed 
Automatic

Lithium Tech, Lithium Ion 
- 300V

78 kW Solectria AC - 42 AC 
Induction

Rose-Hulman Institute of 
Technology 

Power Split 2.5-L 4 CylinderDirect 
Injection Turbo Diesel

Bio Diesel 
(B20)

Custom Rose Hybrid 
1-Mode Transmission 
(RH1T)

COBASYS, Nickel Metal 
Hydride - 336V

(2) 60 kW Custom AC 
Induction Motors

San Diego State  
University            

Through-the-road Parallel 1.9-L GM Direct  
Injection Turbo Diesel

Bio Diesel 
(B20)

GM F40 6-speed 
Manual

Panasonic, Nickel Metal 
Hydride - 400V

150 kW AC Propulsion  
AC Induction

Texas Tech University Parallel Hybrid 2.4 L GM Ecotec VVT Ethanol (E85) 
& Hydrogen

GM 4T45E, 4-speed 
Automatic 

COBASYS, Nickel Metal 
Hydride - 36V 

4 kW GM Belt-Alternator-
Starter

University of Akron Series Parallel 2 by 2 1.9-L 4 Cylinder Diesel 
Turbo Direct Injection

Bio Diesel 
(B20)

Direct Shift Gear
Box (DSG) 6-Speed
Manumatic

Nesscap, Ultracapacitor 
Bank - 370V

67 kW Ballard Integrated 
Power Transaxle /  
36 kW Siemens Permanent 
Magnet Generator

University of  
California – Davis

Pre-Transmission Parallel 
Plug-In Hybrid Capable

1.5-L Atkinson
Spark Ignition

Ethanol (E85) UC-Davis Custom 
Continuously Variable 
Transmission

GIA Lithium Technology, 
Lithium Ion-346 V

75 kW UQM Permanent
Magnet - Front /60 kW 
ENOVA AC Induction -Rear

University of Michigan Series Hydraulic 1.9-L GM Direct  
Injection Turbo Diesel

Bio Diesel 
(B20)

Fixed Gear Reduction Hydraulic Accumulators Hydraulic 80 cc/rev & 
55cc/rev Bent Axis Variable 
Displacement

University of Tennessee Through-the-road Parallel 1.9-L GM Direct
Injection Turbo Diesel

Bio Diesel
(B20)

GM F40 6 Speed 
Manual

COBASYS, Nickel Metal 
Hydride - 288V 

67 kW Ballard AC Induction

University of Texas  
at Austin

Through-the-road Parallel 1.9-L GM Direct  
Injection Turbo Diesel  

Bio Diesel  
(B20) 

GM F40 6-speed 
Manual

Johnson Controls,  
Nickel Metal Hydride -  
42V

5 kW Hitachi AC Induction 
Belt-Driven Alternator/
Starter

University of Tulsa Through-the-road Parallel 1.9-L GM Direct  
Injection Turbo Diesel

Bio Diesel 
(B20) & 
Hydrogen

GM F40 6-speed 
Manual

COBASYS, Nickel Metal 
Hydride - 288V 

67 kW Ballard AC Induction
Transaxle

University of Waterloo Series Fuel Cell Electric 65 kW Hydrogenics
HyPM Fuel Cell

Hydrogen Fixed Gear Reduction COBASYS, Nickel Metal 
Hydride  - 288V 

(2) 67 kW Ballard AC
Induction Transaxles

University of Wisconsin –  
Madison

Through-the-road Parallel 1.9-L GM Direct  
Injection Turbo Diesel

Bio Diesel 
(B20)

GM F40 6-speed 
Manual

Johnson Controls, Nickel 
Metal Hydride - 288V

45 kW Ballard Integrated 
Power Transaxle

Virginia Tech Split Parallel 2.3-L Saab Turbo Spark
Ignition

Ethanol (E85) GM 5-speed Manual COBASYS, Nickel Metal 
Hydride - 336V 

52 kW Ballard AC Induction
Transaxle / 8kW MES  
AC Induction Belt- 
Alternator/Starter

West Virginia University Through-the-road Parallel 1.9-L GM Direct
Injection Turbo Diesel

Bio Diesel 
(B20)

Aisin-Warner AF40 
6-speed automatic 
transaxle

Maxwell, Ultra-cap -  
750 kJ

(2) PML Wheel Hub  
Motors / 18 hp AC Induction 
Generator 

Challenge X 2007 Team Technologies and Configurations

INTRODUCING challenge x

Since 1987, the U.S. Department of Energy (DOE),  
Natural Resources Canada, and various academic and 
industry partners have sponsored more than two dozen 
university-level advanced vehicle student engineering 
competitions. Building on the success of these programs, 
DOE has partnered with General Motors Corporation (GM) 
as the headline sponsors of Challenge X: Crossover to  
Sustainable Mobility. 
	 Students are following GM’s real-world Global Vehicle Development Process 
(GVDP) to design, develop, and integrate their advanced technology solutions into a 
Chevrolet Equinox, a GM crossover vehicle.  Each of these seventeen university teams 
selected through a competitive proposal process has an opportunity to participate 
in hands-on research and development with leading-edge automotive propulsion, 
fuels, material, and emissions-control technologies. GM has provided 2005 Chevrolet 
Equinoxes, seed and prize money, engineering mentoring, competition facilities, and 
operation support.  DOE provides competition management, team evaluation, and 
technical support.  More than 300 university participants and more than 30 private 
and public organizations have joined with DOE and GM to support this innovative 
engineering program.
	 Each of the four years of Challenge X emphasizes one of the four distinct phases 
of the GM GVDP. Year one focused on the use of math-based modeling tools for vehicle 
design and vehicle subsystem control. Through the use of these tools, teams spent 
their first year of competition researching and comparing advanced technologies, 
and by the end of the first year, each team had chosen their own unique powertrain 
architectures. Turning this paper design into a functioning prototype vehicle was the 
goal of the teams in the second year. As students integrate their year one conceptual 
powertrain design into reality, they continue to use computer based math modeling 
tools developed in year one to assist with the refinement and calibration process 
of their Challenge X entry. With the help of Challenge X sponsors, many different 
products and solutions were made available to enable and support their students’ 
integration efforts of year two. 
	 For the third year of Challenge X, teams will continue to develop and calibrate 
their vehicle, refining them to pre-production concept vehicle levels, while realizing 
their full vehicle performance. The student competition entries will be evaluated  
not only in the areas of powertrain efficiency, performance, and emissions but a  
more in-depth look at consumer factors such as drive quality, noise-vibration, and 
harshness and utility.
	 The great success of Challenge X has enabled the headline sponsors to extend 
the competition to a fourth and final year of competition.

	 This year’s competition held May 30 – June 7, at GM’s Milford Proving Ground  
in Milford, Michigan, is the setting for an extensive set of events designed to measure 
the vehicles’ performance and how much the teams have learned. Teams are required 
to pass a rigorous safety and technical inspection prior to participation in the  
competition’s dynamic events. From there, a demanding set of events will measure 
each vehicle’s capabilities in braking, handling, acceleration, fuel economy, criteria 
tailpipe and greenhouse gas (GHG) emissions, drive quality, and trailer towing per-
formance. Teams will also be judged through technical design presentation, a vehicle 
development review, and assessment of their control strategies as well as a variety of 
written reports.

Challenge X Technologies
The teams in the Challenge X competition are employing many novel ideas,  
approaches, and technologies that, (1) provide near-term and long-term solutions 
to significantly reduce well-to-wheels energy consumption; (2) reduce petroleum 
energy consumption and emissions (on a total fuel cycle basis); (3) significantly reduce 
criteria tailpipe and GHG emissions; and (4) increase pump-to-wheels fuel economy. 
All the teams selected hybrid vehicle designs some of which go beyond those being 
considered by original equipment manufacturers for their student-modified vehicles, 
spanning the gamut of parallel, through-the-road, and series (HEV) configurations. 
These HEVs employ state-of-the-art nickel metal-hydride and lithium-ion battery 
packs. One team has chosen a “charge-from-the-wall” plug-in hybrid electric vehicle 
HEV configuration to extend the electric vehicle range of its Equinox to over 40 miles. 
A variety of advanced electric drive systems are employed by the teams to enable 
HEV features—such as regenerative braking, high-load electric assist, and engine 
transient smoothing—to improve vehicle-level efficiency and driveability.
	 Engine selections in Challenge X have been dominated by highly-efficient 
diesels and turbocharged spark-ignited engines operating on bio-based fuels, such 
as E85 (85% ethanol) and B20 (20% biodiesel), representing near-term approaches 
to improved efficiency. More advanced engines, such as highly-dilute and boosted 
spark ignition engines and hydrogen-assisted ultra-lean burn combustion strategies, 
represent more long-term approaches. The teams are combining these advanced 
power units with emerging exhaust gas after-treatment technologies to reduce  
criteria emissions and total GHG production such as selective catalytic reduction to 
control oxides of nitrogen emissions and catalyzed particulate filters. In addition, 
there are five teams whose designs include the use of hydrogen as a second fuel, and 
one team employing a fuel cell as its primary propulsion system. The other teams are 
using fuel cell auxiliary power units to power air conditioning and other parasitic loads 
as well as aid in HEV propulsion. From the wealth of advanced technologies employed 
in the Challenge X vehicles, it is apparent that these student-designed approaches 
truly represent the future of automotive powertrain development. 
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