MnDOT Ford Escape

 




Progress Report 5/1/08
Baseline Testing and PHEV Conversion
Mark Neubauer and Zachary Sundberg 

MSU, M Students
Dr. Bruce Jones, Dr. Vince Winstead, Paul Steevens
MSU, M Faculty and Staff
BACKGROUND
The purpose of this project is to facilitate the conversion of two MnDOT Ford Escape vehicles to plug in hybrid capability.  As part of the conversion process the vehicles were to be tested for emissions and fuel economy before and after the conversion.  One vehicle was converted and tested in March of 2008 while the second vehicle will be converted in the summer of 2008.  This schedule is based on the fact that the second vehicle in the project has not been manufactured by Ford and will need to have 10,000 miles on it before reliable fuel economy and emissions data can be measured.

COMPANIES PROVIDING SERVICES
All emissions and fuel economy testing was conducted at Environmental Testing Corporation (ETC), www.etclab.com, in Aurora, Colorado. The facilities at ETC meet all US EPA testing requirements and the company provides services to all of the domestic automotive manufacturers and the majority of overseas manufacturers.  

The vehicle conversion to PHEV capability was performed by Hybrids Plus, www.hybrids-plus.com, in Boulder, CO.  The conversion was completed in 1 day. 
BASELINE EMISSION TESTING
All emission and fuel economy testing was conducted at ETC following standardized drive cycles (Figure 1) determined by US EPA on a 4-wheel-drive chassis dynamometer (Figure 2).  The emissions data from a test is used to determine if the vehicle meets EPA acceptance criteria and the fuel economy data represents the values published by the US DOE and found on the window sticker of vehicles sold in the US.
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Figure 1: US EPA Drive Cycle representing City Driving
Figure 2: Ford Escape on Emissions Dynamometer
VEHICLE CONVERSION TO PHEV

Once the vehicle’s baseline fuel economy and emission characteristics were measured the vehicle was taken to Hybrids Plus in Boulder, CO for conversion.  The conversion involves removing the stock battery pack from its’ location behind the rear seats of the vehicle and replacing it with a Lithium Ion battery pack made up on 1600 individual cells (Figure 3).  Figure 4 shows the removal of the stock battery pack before the PHEV pack was put in the vehicle.
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Figure 3: Individual Battery Cells

Figure 4: PHEV Battery Pack before Installation
MODIFIED EMISSION AND FUEL ECONOMY TESTING
After the vehicle conversion was completed the vehicle was taken back to ETC for emission testing.  Two additional emission tests were conducted that measured fuel economy and emissions.  As per EPA testing protocol, the time between each individual test was 12 hours.  The time delay allows the vehicle to cool down to ambient temperatures so when the test begins the engine and all emission control devices are cold.  During the 12 hour soak the vehicle charger was connected to charge up the battery pack.  Each test was begun with the battery pack fully charged.
The amount of electrical energy taken from the grid to charge the batteries and the amount of electrical power used during each test was not measured at this time.  The data acquisition system for the vehicle was not completed at the time of testing.  However, the system will be completed and operational when the second vehicle is converted during the summer of 2008.

EMISSIONS AND FUEL ECONOMY DATA

The emissions and fuel economy data for the vehicle in both configurations is presented in Table 1.  It should be noted that when the vehicle was tested in the PHEV configuration the engine did not turn off during the test cycle when the vehicle stopped.  In the vehicle’s original, unmodified condition the engine shut off when the vehicle was not moving.  After the testing was completed and we returned to Mankato it was discovered that there was a small problem with the defroster controls on the vehicle that kept the defroster on all of the time.  When the defroster or air conditioner is on the engine does not turn off.  Therefore, we expect to see higher fuel economy values when the second vehicle is converted.
	Vehicle Config.
	City Fuel Economy (mpg)
	Highway Fuel Economy (mpg)
	Hydrocarbons THC
(grams/mile)
	Carbon Monoxide CO

(grams/mile)
	Oxides of Nitrogen  NOx

(grams/mile)
	Carbon Dioxide CO2

(grams/mile)
	Non Methane HC
(grams/mile)

	Stock


	32.1
	31.6
	0.007
	0.064
	0.014
	274.8
	0.006

	PHEV


	42.6
	53.6
	0.006
	0.022
	0.005
	207.5
	0.005


IN-USE OBSERVATIONS

The trip from Colorado to Mankato went smoothly.  The vehicle ran well and performed like it did in the stock configuration.  I decided to drive the vehicle to school, on errands etc to accumulate miles and make sure there were no problems before returning it to MnDOT.  We have had a few issues that have left the vehicle inoperable.  In fact the vehicle left me stranded and had to be towed to MSU.  Working with Hybrids Plus we were able to diagnose the problems.  The first problem involved the pins in the connector they made that mates to the stock Ford system.  The connector did not hold the pins securely in place and they “backed out” loosing continuity with the system.  They sent a new connector that was better and solved the problem, however I do not feel it is as good as the stock Ford part and have requested the proper Ford mating connector.

The second problem was a component on a circuit board in their battery controller.  We received a replacement board installed it and now the vehicle is back up and running.  We have had three times to date where the vehicle has shut off unrepentantly.  In each case the ignition key was cycled off and on and the vehicle restarted.  

























































