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BACKGROUND
This is a two year project funded by a grant from the Minnesota Department of Commerce for the development and implementation of a data acquisition system to monitor energy usage of selected hybrid and plug-in hybrid electric vehicles.  The goal of the project is to develop a set of testing measures to be used to determine the energy consumption, source of the energy (electricity, petroleum fuel, renewable fuel etc) and a performance comparison of PHEV’s, other advanced engine technologies vs. conventional hybrid vehicles.

IDENTIFICATION OF TESTING PARAMETERS
During the past semester work focused on the development of the testing standards and data to be collected when the vehicles are in use.  All data relating to energy flow into the vehicle along with the energy use trends will be measured and recorded continuously when the vehicle is in operation.  

The goal of the data collection system will be to monitor vehicle system parameters (fuel usage, electrical usage, voltages, currents etc.) in addition to the measurement of the data associated with a plug-in application (energy used to recharge the batteries).  The system for a subset of the vehicles will be designed to be virtually transparent to the operator or operators of the vehicles so consistent, objective data can be captured.   The following is a compilation of the data items that will be captured:
· Vehicle Identification Number 

· Gasoline Purchase (Volume and Cost) 

· Fuel Level Input

· Diagnostic Trouble Codes
· Distance Traveled Since Code Clear

· Vehicle Speed

· Engine RPM 

· 12V Battery Voltage

· Run Time Since Start

· Ambient Air Temperature 

· Barometric Pressure

· Intake Air Temperature

· Throttle Position

· Engine Coolant Temperature

· Calc Engine Load

· Absolute Load Value 

· Fuel System Loop Status

· Pre Catalyst Oxygen Content
· Post Catalyst Oxygen Content
· Current In/Out of Hybrid Battery Pack 

· Hybrid Battery Pack Voltage

· Hybrid Battery Pack Temperature

· Hybrid Battery Pack Charger Current In

· Hybrid Battery Pack Charger Current Out

· Hybrid Battery Pack Plug In Battery Voltage
For other vehicles in the grant program the items listed above will need to be measured and recorded by the groups receiving funding.  This data will be supplied to MSU for data analysis and reporting to the Minnesota Department of Commerce.  
DATA ACQUISITION SYSTEM
With the exception of the driver logging fuel purchases, all data will be recorded using a pc computer mounted in each vehicle.  Unlike normal computers the unit will not have a screen, keyboard or mouse.  The computer has been selected and is currently being configured for the project. 
The sensors that will be integrated into the system fall into two categories.  The first category includes sensors that are part of the vehicles computer system.  The data acquisition system will communicate with the vehicles computer to gather specific information.  Data items that are not available via this method will be collected using sensors that will be purchased and added to the vehicle and charging system.  At the time of this report the data acquisition system can communicate with the vehicle and record all available data.  In the next several weeks the additional sensors will be integrated into the system with the prototype system completed by the end of March 2008.
All vehicle data recorded will be stored on a common USB thumb drive in the data acquisition computer.  The thumb drive will be removed in weekly intervals, plugged into any personal computer connected to the internet.  A program on the thumb drive will automatically transfer the data files to a computer at MSU. 

The following list is the detailed list of data items that will be collected, the method used to gather the information and the reason the information will be collected.

· V.I.N.- To identify the recorded data with a specific vehicle to minimize confusion in emergencies.  Obtain via communications with the data line of the OBD II Standard J1979.

· Gasoline Purchases- The only information the driver will need to record manually is gasoline purchases.  There will be a log book to record the mileage at fill, per gallon cost, amount of fuel purchased and total cost.

· Fuel Level Input- One form of data that will help identify the amount of fuel used for calculating actual M.P.G.  Obtain via communications with the data line of the OBD II Standard J1979.

· DTC- Not only the Number of codes set, but what code it is and a timestamp of when it occurred.  Monitoring for this situation helps identify problems and/or possible reasons for decreased efficiency.  Obtain via communications with the data line of the OBD II Standard J1979.

· Dist. Traveled Since Code Clear- To identify distances that the vehicle has traveled.  Obtain via communications with the data line of the OBD II Standard J1979.

· Vehicle Speed- To identify vehicle speed and rate of acceleration for analysis.  Obtain via communications with the data line of the OBD II Standard J1979.

· Engine RPM- To identify driving habits, vehicle load and efficiency and identify whether the engine is running or not while moving.  Obtain via communications with the data line of the OBD II Standard J1979.

· 12V Battery V- Useful in identifying the load on the engine via the alternator and power available for the data recorder.  Obtain via communications with the data line of the OBD II Standard J1979.

· Run Time Since Start- Used not only for a timestamp for recording data, but also identifying engine run time compared to vehicle driving time for potential improvements from the Plug-In option.  Obtain via communications with the data line of the OBD II Standard J1979.

· Ambient Air Temp (Extended)- Not available on all vehicles, but if available, obtain to identify environment conditions for trends with battery voltage and engine on time.  Obtain via communications with the data line of the OBD II Standard J1979.

· Baro- This information can be used later to identify trends in higher or lower pressures and vehicle efficiency.  Obtain via communications with the data line of the OBD II Standard J1979.

· I.A.T.- To get an initial temperature reading of the air temperature and intake charge.  Obtain via communications with the data line of the OBD II Standard J1979.

· Throttle Pos.- To identify driving habits and what is being asked of the car by the driver.  Recording this data will also help pin point peak vehicle efficiency.  Obtain via communications with the data line of the OBD II Standard J1979.

· Engine Coolant Temp- For monitoring the vehicles engine and running temperatures. Method of measurement TBD.

· Calc Eng. Load- To identify and compare similar vehicles, driving habits, driving environment and demand on the car.  Obtain via communications with the data line of the OBD II Standard J1979.

· Absolute Load Value (Extended)- Not available on all vehicles, but if available, gathered due to the potential for future use.  Obtain via communications with the data line of the OBD II Standard J1979.

· Fuel Sys. Loop Status- Whether the fuel system is in Open or Closed Loop to identify erratic driving, vehicle problems, or potential deficiency.  Obtain via communications with the data line of the OBD II Standard J1979.

· Pre Cat O2- For identifying the amount of HC’s leftover in the exhaust and their potential for pollution.  Then identifying trends between a Hybrid and a Plug In Hybrid for a correlation in more or less pollution.  Obtain via communications with the data line of the OBD II Standard J1979.

· Post Cat O2- To determine Catalytic Converter efficiency and compare with each other.  Determining if the Catalytic Converter is cooling down and letting more pollution into the environment.  Obtain via communications with the data line of the OBD II Standard J1979.

· Current In/Out of Battery Pack- This information is vital to identify where the power is coming from and how quickly it is being used by the vehicle and driver.  Obtained though CAN Network and External Current sensor wired into a National Instruments 6009 box to ensure accuracy.

· Pack Voltage- This information will be recorded at all times to monitor the amount of energy the vehicle stores, uses and gains.  Obtained though CAN Network and External Voltage sensor wired into a National Instruments 6009 box to ensure accuracy.

· Pack Temperature- An important piece of information, particularly for a Plug In vehicle to ensure the battery pack is not over taxed.  Obtained though CAN Network.

· Charger Current In- To identify the amount of power consumed by the vehicle while plugged into the electrical grid.  Obtained via an External Current sensor wired into a National Instruments 6009 box to ensure accuracy.

· Charger Current Out- To identify the amount of power available to the vehicle while plugged into the electrical grid.  Obtained via an External Current sensor wired into a National Instruments 6009 box to ensure accuracy.

· Plug In Battery Voltage- If an additional battery is added to the vehicle, the voltage will be monitored for future use.  Obtained via a National Instruments 6009 box to ensure accuracy.

























































