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BATTERY TESTER FOR ELECTRIC VEHICLE

BACKGROUND OF THE INVENTION

The present invention relates to test equipment for electric

vehicles. More specifically, the present invention relates to a tester for testing

electrical systems of an electric vehicle.

Various battery testing techniques and related technologies have

been pioneered by Midtronics Inc. and Dr. Keith S. Champlin. Many electric

vehicles use a battery or other electrical storage device to store energy for use in

operating the electric vehicle. Some such electric vehicles use energy recovering

(or "regeneration") techniques in which potentially waste energy is recovered

and stored in the energy storage device. One example is recovery of energy from

the braking function. The energy in braking is recovered as electrical energy

rather than being dissipated as excess heat. The energy storage device should be

able to sufficiently store the excess energy, as well as deliver energy to the

electrical motor of the electric vehicle. Due to the increasing price of petroleum,

hybrid systems are rapidly proliferating, and are outpacing the ability to test

those systems. There is an ongoing need to test the electrical systems of such

electric vehicles.

SUMMARY OF THE INVENTION

Testing or diagnostics are performed on an electric vehicle. The

vehicle is operated and current flow through a system of the vehicle is

monitored. A voltage related to the system is also monitored. Diagnostics are

provided based upon the monitored voltage and the monitored current.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a simplified block diagram showing a battery tester in

accordance with the present invention coupled to a electric vehicle.

Figure 2 is a simplified block diagram showing steps in

accordance with the present invention.



Figure 3 is a simplified block diagram which illustrates a test

device in accordance with the present invention.

Figure 4 is a simplified block diagram showing one aspect of the

present invention in which the test device couples to the databus of the electric

vehicle.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

Electric vehicles are becoming increasingly popular as an

alternative to traditional vehicles which are powered solely by an internal

combustion engine. In a electric vehicle, a large battery or a group of batteries,

or other energy storage device, is used to store electrical energy. The stored

electrical power is used by an electric motor to power the electric vehicle.

In order to increase energy efficiency, some electric vehicles use

various techniques to capture or otherwise recover waste energy. This may be

referred to as "regeneration". The recovered energy is typically returned in the

battery of the electric vehicle for storage and subsequent use.

Various techniques are used to recover energy. For example, one

common technique is to use the braking system of the electric vehicle to convert

vehicle motion into electricity for storage in the battery. This differs from a

conventional braking system in which excess energy is vented into the

atmosphere as heat.

As the battery of the electric vehicle ages, its ability to store

energy also degrades. However, this may not be apparent to the operator,

particularly in a hybrid vehicle. One symptom of a failing battery is decreased

mileage of the electric vehicle because the battery is not able to effectively store

or deliver energy. The health of a battery in a electric vehicle is an indication of

how well the battery accepts a charge and delivers stored energy at high rates.

To some extent, this relates to the amp hour capacity of the battery as well as the

ability of the battery to accept or deliver charge in a given time. This is related

to how much recovered energy can be stored at one time for later use. For



example, is the battery capable of storing energy from many braking cycles for

subsequent use, or only a few.

Typical battery testing techniques are difficult to implement in

such a electric vehicle. For example, it may be difficult or impossible to access

the individual batteries or cell for testing. This may require a great deal of labor.

Further, there may be safety concerns related to the relatively high voltages

involved.

With the present invention, a current sensor is coupled to the

battery pack of a electric vehicle of the type which includes an electric motor to

move the electric vehicle. The current sensor can be placed in line with the

battery pack and arranged to measure current into and out of the pack. The total

string voltage of the battery pack is also measured. A technician or other service

personnel performs a battery test by operating the electric vehicle through a

number of braking and acceleration cycles. Data is collected and compared to

baseline or nominal data which is representative of operation of a new electric

vehicle. An output can be provided based upon the comparison. For example,

the output can be an indication of how well the electric vehicle compares to new

electric vehicle, for example as a percentage.

The current sensor can be placed in series with one of the battery

terminals using a shunt resistance or the like. Another example is a Hall effect

or other non intrusive sensor. Such a sensor is advantageous because it does not

require the battery to be disconnected. In another example, an adapter can be

configured which can be inserted between the battery pack and the electric

vehicle such that the test device can be coupled to the battery.

The various sensors can be coupled at any convenient location,

for example, proximate the battery pack, under the hood, near the electric

vehicle motor or other electronics. In such an application, a Hall effect sensor

may be sufficient because of the relatively large magnitudes of the current levels

being monitored. Further, a Hall effect sensor may be easily "zeroed" because



during installation there will be no current flowing. Voltage measurements may

be made using direct attachment, for example, to the high voltage pole of the

battery. The voltage measurements may also be obtained through other

techniques, for example, through an OBDII interface used to read the voltage

from the electric vehicle computer system. This may be preferable when using a

wireless communication port.

During testing, the test device can provide instructions to an

operator as to how to operate the electric vehicle. Such instructions can be

provided, for example, through a wireless communication link to a device,

through a PDA-type device, through audible instructions, through a display of

the vehicle, or through other techniques.

If the testing device couples to the OBDII system of the electric

vehicle, additional information can be retrieved. For example, information

related to the RPM of a motor, electric vehicle speed, braking information, etc.

can be recovered. With this additional information, the test device may be used

to verify that the technician has performed the required operations. Of course,

such operations should have some flexibility in order to reflect safe driving

conditions.

Figure 1 is a simplified block diagram 10 of a electric vehicle 12

coupled to a test device 14. The test device is shown as being separate from the

electric vehicle and may be a portable or stationary device. However, in some

configurations the test device 14 may be included in electric vehicle 12. Electric

vehicle 12 is illustrated as including battery pack 20, electric motor 22 and

energy recovery device 24. As discussed, the battery pack 20 is used to power

the electric motor 22 while the energy recover device 24 is used to recover

energy during electric vehicle operation. Test circuitry 14 couples to battery 20

and includes or is coupled to voltage sensor 30, memory 32 and microprocessor

33. Further, test circuitry 14 includes or is coupled to a current sensor 34

arranged to sensor current into and/or out of battery pack 20. Test circuitry 14



provides an output through input/output (I/O) 35 as discussed above related to

the condition of the battery pack 20. The test circuitry 14 includes a

microprocessor 33 or the like which may include either internal or external

analog to digital converters configured to convert the sensed voltage current

levels to digital values. Microprocessor 33 operates in accordance with

instructions stored in memory and provide an output 35 which is related to the

condition of the battery pack 20. Figure 1 also shows an optional internal

combustion engine 40 which is used to supplement the energy delivered by

battery pack 20. The optional engine 40 can be used to charge battery pack 20,

and/or can be used to supplement the electrical power available to motor 22

during times of high acceleration or the like. Thus, engine 40 may include an

electric generator 41.

Figure 2 is a simplified block diagram showing steps in

accordance with one example embodiment of the present invention. The block

diagram of Figure 2 begins at start block 50 and controls past block 52 where

the electric vehicle is operated and data is collected. At block 54, nominal data

is recovered. For example, such nominal data can be stored in memory 32

shown in Figure 1. The nominal data can be related to a baseline condition, for

example, the condition of the battery in electric vehicle when they are new. At

block 56, the collected data is compared to the nominal data and output is

provided at block 58. The output can be, for example, a relative output with

respect to the current condition of electric vehicle in battery relative to a new

electric vehicle or battery. This may be in the form of, for example, a

percentage or other format. At block 60, the process is terminated.

Figure 3 is a simplified block diagram showing test device 14 in

greater detail. Test device 14 is illustrated as including differential amplifier 102

which couples to current sensor 34. A second differential amplifier 98 couples to

battery 20 and forms the voltage sensor 30. The voltage sensor 30 may be a part

of, or may be separated from, the test device 14. The output from the amplifier



98 is provided through an analog to digital converter 100 which couples

microprocessor 33. Similarly, the output of amplifier 102 is converted into a

digital format for microprocessor 33 using analog to digital converter 104. The

actual voltage and current sensors may be in accordance with any technique and

is not limited to the techniques described herein. As discussed below, the current

and voltage sensors may be a part of vehicle 12 and the test can retrieve their

information over a databus of the vehicle.

Microprocessor 33 operates in accordance with instructions

stored in memory 32 and is configured to communicate with an operator through

user I/O 110. An optional OBD interface, as illustrated at OBD I/O 112, is

provided. OBD I/O 112 is configured to couple to the OBD databus of the

electric vehicle 12. The user I/O 110 can be any type of user input and output

including, for example, a button or keypad entry, a display including a graphical

display, an audio output including voice prompts, or other input or output

techniques.

Figure 4 is a simplified block diagram showing another aspect of

the present invention. As discussed above, test device 14 couples to the on board

databus 130 of electric vehicle 12, for example through OBD connector 132.

Electric vehicle 12 is illustrated as including a plurality of systems identified as

System A, B, C through System N. These systems can be any active or passive

electrical component or set of components within the vehicle including a motor

or motors of the vehicle, an energy recovery system such as a regenerative

braking system, a battery cell, a block of cells, a battery pack, vehicle

electronics such as audio systems, defrosters, wipers, adjustable seat motors, set

heaters, lights both internal and external, computer systems, electrical system

associated with an electric or internal combustion motor, charging systems, or

others. Each of the systems A-N is illustrated as having a current sensor 140A-

140N, respectively and a voltage sensor 142A-142N, respectively. The multiple

current sensors 140 and voltage sensors 142 are provided for illustrative



purposes only and a particular system within the vehicle may be have neither

type of sensor, may have a single sensor, or may have multiple sensors. The

outputs from the current sensors 140 the voltage sensors 142 are provided to the

internal databus of the electric vehicle 130. The electric vehicle 12 may include

additional sensors for sensing physical properties such as temperature, moisture

content, fluid levels, pressures, speed or rate of rotation of motors, flow rate,

whether a switch is opened or closed, etc. These sensors are illustrated in Figure

4 as sensor A, B through sensor N and are also coupled to the databus 130 of

electric vehicle 12. The sensors A, B, . . . N may be associated with any of the

above discussed systems A-N, or with other components or aspects of the

electric vehicle 12. For example, a particular sensor may provide a temperature

reading of a particular system, or other measurement related to the system. Note

that the coupling of the various sensors to the databus 130 may be direct or

indirect. For example, data from a particular sensor may be provided to another

component, such as directly to a microprocessor 150 of the electric vehicle.

Subsequently, the microprocessor 150 may provide the information on databus

130. The data from the various sensors may be optionally stored in an internal

memory 152 of the electric vehicle 12. In Figure 4, the memory 152 is

illustrated as being coupled to microprocessor 150. However, this may be

optional and the memory 152 can be coupled to databus 130, either directly or

through some other components. In one aspect of the present invention, test

device 14 monitors information from sensors within the electric vehicle in order

to provide enhanced diagnostics without requiring connection of additional

sensors to the vehicle. This is achieved by retrieving data through the databus

130 of the electric vehicle as the various sensors within the vehicle communicate

information.

In measuring electrical parameters of components, it is often

desirable to couple to the electrical component through a four point "Kelvin"

connection. In such a configuration, a first pair of connections are used to



measure a voltage across the component while a second pair of connections are

used to carry current. Kelvin connections reduce errors in the measurements

associated with the electrical leads and wiring which are used to couple to the

component. However, in many electric vehicles, it is extremely difficult to place

Kelvin connectors onto the various electrical components. Further, even if such

connections are made, they may carry high voltages which may be unsafe for an

operator. Therefore, it is often difficult to couple to the electrical systems of an

electric vehicle using traditional Kelvin connection techniques which have been

associated with the automotive industry.

In one aspect, the present invention provides a "virtual" Kelvin

connection to electrical components of the vehicle. The "virtual" Kelvin

connection is embodied in microprocessor 33 of the test device 14.

Microprocessor 33 receives current and voltage information from a pair of

sensors, such as current sensor 140A and voltage sensor 142A, which are

coupled to a component of the vehicle such as system A. Using this information,

the microprocessor 33 is capable of calculating an electrical parameter

associated with that particular system. For example, electrical resistance can be

calculated using ohms law as R=WI. However, other electrical parameters can

be calculated such as conductance. Further still, if the electricity through the

system has a time varying component, it is possible to determine dynamic

parameters of the system such as dynamic resistance or conductance. Complex

parameters such as impedance, reactance, etc. of the particular system can also

be determined. Note that there may be a lag or time delay between the two

measurements (voltage and current) due to delays in the databus 130 or from

other sources. Microprocessor 33 can compensate for such a lag by determining,

or at least approximating, the duration of the delay. One technique which can be

used is by monitoring a function or activity within the vehicle, for example, a

braking function, while monitoring the outputs from the associated current and

voltage sensors. Based upon when the current and voltage begin to change



relative to one another, it is possible to compensate for any delays if the

relationship is known. For example, the voltage and current may be expected to

rise simultaneously in some systems. If there is a lag in the voltage

measurement, for example, the duration of that lag can be measured by

microprocessor 33 and used to compensate subsequent measurements. Similarly,

a particular sensor may have a relatively long response time, or the databus 130

may be of a sufficiently slow data rate that sufficient band width may not be

available to measure or monitor a rapidly changing voltage or current. Again,

compensation techniques can be used to at least partially address such a

shortcoming, for example, by providing a compensated frequency response

profile for a particular sensor.

During operation, microprocessor 33 collects data from a desired

system (A-N) of electric vehicle 12 using the associated current sensor 140A-N

and/or voltage sensor 140A-N as desired. The microprocessor 33 can also use

information collected from other sensors of the electric vehicle, such as sensors

A, B and C for use in testing. If a measurement is desired across multiple

systems, it is possible to add or subtract the measurement currents and voltages

to obtain such a measurement depending upon the configuration of the sensors.

As discussed above, the data is retrieved from databus 130 using OBD I/O

circuitry 112 coupled to the databus 130 through OBD connector 132. In

addition to having a user input/output 110, another optional input/output 160 is

illustrated. I/O 160 can comprise circuitry for providing data to, or receiving

data from, another device such as a remote location which collects data or

measurements, a printer, a remote control or display for use by an operator,

remote sensors, etc. Additionally, other optional sensors 162 are shown in test

device 14 of Figure 4. Sensors 162 may comprise other sensors used to perform

diagnostics including physical Kelvin connectors, current and/or voltage

sensors, temperature sensors, etc. The user I/O circuitry 110 can be used to

provide an interface for an operator during testing of electric vehicle 12. For



example, the operator can instruct the test device 14 as to which of the systems

of electric vehicle 12 to test, a selected test to perform, provide information

regarding electric vehicle 12, etc. The I/O circuitry 110 can also be used to

provide information to the operator such as the results of the test, intermediary

results, information regarding past tests, information regarding the electric

vehicle or other information. Additionally, if a particular test requires the

electric vehicle to be operated in a particular manner, the user I/O circuitry 110

can provide instructions to the operator. For example, the particular test being

performed may require that the electric vehicle be accelerated, or that the brake

be applied, that the electric vehicle be stopped for a period, or other actions. The

instructions to an operator may be in the form of, for example, audible

instructions which may be easily implemented when driving the electric vehicle.

Using the data collected from the sensors, microprocessor 33 can diagnose the

systems and operation of electric vehicle 12. In one example of the present

invention, the information can be used to perform any type of diagnostics such

as those known in the art. Various types of diagnostics include measuring

parameters of systems of the electric vehicle, monitoring the amount of energy

recovered during an energy regenerative process such as by recovering energy

during a braking function, determining the maximum amount of energy which

may be recovered, or the maximum amount of energy which the energy storage

device can accept at any one time during recharging, monitoring the energy

storage device as it ages to identify a loss of the capacity to store recovered

energy or the overall capacity of the storage device, monitoring the maximum

energy which the energy storage device is capable of delivering, etc.

For example, one diagnostic technique includes monitoring a

parameter of a cell or block of cells of the battery pack 20 and observing

changes over time, for example changes in impedance, conductance, resistance,

or other parameters including dynamic parameters. Another example diagnostic

includes comparing parameters measured for a particular cell or block of cells of
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the battery pack 20 and observing any imbalances between cells or blocks of

cells, or other indications that a particular cell or block of cells is not operating

in a manner which is similar to the remaining cells or blocks of cells. This may

be through statistical techniques such as observing the distribution of

measurements of cells or blocks of cells, etc. Another example diagnostic

technique is simply observing voltage differences across cells or blocks of cells

in the battery 10.

hi another example, the user I/O 110 is used to provide an output

related to carbon dioxide emissions of the electric vehicle 12. For example, the

output can be an indication of the reduction in carbon dioxide emissions of the

electric vehicle 12 in comparison to a standard vehicle with an internal

combustion engine. In a related example, the amount of energy regenerated by

electric vehicle 12, for example using a regenerative braking technique, can be

monitored using test device 14 and an output provided using user I/O 110 which

indicates the equivalent amount of carbon dioxide which would have been

generated by typical internal combustion engine had the energy not been

recovered.

In another example configuration, test device 14 can be used to

monitor operation of electric vehicle 12 and collect information related to the

efficiency of the electric vehicle 12 under different operating conditions. This

information is then used by device 14 to instruct and operator through user I/O

110 to operate the electric vehicle 12 in a manner which increases efficiency.

For example, if system A shown in Figure 4 comprises a regenerative braking

system, and system B is the battery pack for the electric vehicle, the test device

14 can monitor the energy recovered by the regenerative braking system and the

amount of energy which the battery pack is capable of storing. Thus, if

measurements indicate that the battery pack is only capable of accepting a

maximum of 50 kW, the device 14 can instruct the operator when braking to

attempt to rapidly approach the 50 kW energy recovering level, and maintain the



50 kW recovery level for an extended period without exceeding that level. This

will ensure that the maximum amount of energy is recovered during a braking

operation. Similar techniques can be used to instruct the operator during

acceleration periods, idling periods, "stop and go" traffic, etc. In a more

advanced configuration, the device 14 is configured to control operation of the

systems in vehicle 12 in a manner which differs from the configuration provided

by the control system, for example, implemented in microprocessor 150 of

electric vehicle 12. For example, the test device 14 can provide instructions or

information on databus 130 which allows the charging system or the

regeneration system of electric vehicle 12 to charge the battery pack 20 to a

higher or lower level than that set by the internal control system of the vehicle.

This may be used, for example, to extend the life of systems within the vehicle,

increase the range of the vehicle, test certain systems, or for other functions or

purposes.

Although the present invention has been described with reference

to preferred embodiments, workers skilled in the art will recognize that changes

may be made in form and detail without departing from the spirit and scope of

the invention. For example, although storage batteries or a "battery pack"

described, as used herein the term electric energy storage device includes a

battery or collection of batteries, capacitors including supercapacitors and

ultracapacitors, and other storage devices. As used herein, electric vehicle

includes any type of vehicle which uses an electric motor to propel, or assist in

propelling, the vehicle. One example electric vehicle is a vehicle with an electric

motor and an electric storage device such as a battery pack or the like. Another

example electric vehicle is an electric vehicle with regenerative techniques in

which energy is recovered, for example, from the braking process. Another

example electric vehicle is a hybrid vehicle which also includes an internal

combustion engine for use in supplementing electric power, and/or charging the

electrical energy storage device. Such a hybrid vehicle may optionally include



regenerative systems for energy recovery. As used herein, "operating" an

electric vehicle includes using the vehicle, or systems of the vehicle, and is not

limited to driving the vehicle. In one configuration the test is separate from the

vehicle and may be selectively coupled to the vehicle or added after manufacture

of the vehicle. The "virtual" Kelvin configuration calculates a parameter of a

system of the vehicle using two or more inputs from sensors which are

transmitted over a databus of the vehicle.



WHAT IS CLAIMED IS :

1. A method of testing an electrical system of an electric vehicle,

comprising:

operating the electric vehicle;

coupling to a databus of the electric vehicle;

monitoring data on the data bus and retrieving information

related to current flowing into the system of the electric

vehicle during the step of operating;

monitoring data on the databus and retrieving information related

to a voltage of the system during the step of operating;

and

diagnosing the electric vehicle based upon the monitored current

and the monitored voltage.

2. The method of claim 1 including instructing an operator

regarding operation of the electric vehicle.

3. The method of claim 1 wherein diagnosing includes comparing

monitored current and monitored voltage or function of the monitored current

and monitored voltage with nominal values.

4. The method of claim 1 including wirelessly communicating.

5. The method of claim 1 wherein the databus comprises an OBD

databus.

6. The method of claim 1 wherein the system comprises a battery

pack of the vehicle.

7. The method of claim 6 including monitoring a second system of

the vehicle.

8. The method of claim 7 wherein the second system comprises a

regenerative braking system.



9. The method of claim 8 wherein diagnosing comprises monitoring

energy output from the regenerative braking system and monitoring energy input

into the battery pack.

10. The method of claim 9 wherein the diagnosing further comprises

determining efficiency of the transfer of energy recovered from the regenerative

braking system and stored in the battery pack.

11. The method of claim 1 wherein the system comprises a block of

cells of a battery pack of the electric vehicle.

12. The method of claim 11 including monitoring a second block of

cells of the battery pack.

13. The method of claim 12 wherein the diagnosing comprises

comparing a parameter of the first block of cells with a parameter of the second

block of cells.

14. The method of claim 1 wherein the diagnosing comprises

measuring a parameter of the system.

15. The method of claim 14 wherein the parameter comprises a

dynamic parameter.

16. The method of claim 1 including providing an output to an

operator of the electric vehicle.

17. The method of claim 16 wherein the output comprises

instructions related to operation of the vehicle for use in performing the step of

diagnosing.

18. The method of claim 1 wherein the electric vehicle comprises a

hybrid vehicle.

19. The method of claim 18 wherein the system comprises an electric

generator coupled to an internal combustion engine of the electric vehicle.

20. The method of claim 19 including monitoring a second system of

the electric vehicle, wherein the second system comprises a battery pack and the



step of diagnosing comprises determining efficiency of storage of energy from

the generator by the battery pack.

21. The method of claim 1 wherein the diagnosing includes

compensating for a delay between retrieving information related to current

flowing into the system and retrieving information related to a voltage of the

system.

22. The method of claim 1 including placing information onto the

databus which affects operation of the electric vehicle.

23. The method of claim 1 including placing information onto the

databus which affects operation of a system of the electric vehicle.

24. The method of claim 1 including providing an output to an

operator of the vehicle to instruct the operator to operate the vehicle in a manner

to increase energy efficiency.

25. An apparatus for testing an electric vehicle, comprising:

a databus connector configured to connect to a databus of the

electric vehicle;

a microprocessor configured to:

retrieve voltage information from the databus of the

electric vehicle provided by a voltage

sensor coupled to a system of the electric

vehicle;

retrieve current information from the databus of the

electric vehicle provided by a voltage

sensor coupled to the system of the electric

vehicle; and

diagnose the operation of the vehicle based upon the

retrieved current information and the

retrieved voltage information.



26. The apparatus of claim 25 wherein the microprocessor compares

monitored current and monitored voltage or a function of monitored voltage and

monitored current, with nominal values.

27. The apparatus of claim 25 wherein the databus comprises an

OBD databus.

28. The apparatus of claim 25 wherein the system comprises a

battery pack of the vehicle.

29. The apparatus of claim 25 wherein the microprocessor monitors a

second system of the vehicle.

30. The apparatus of claim 29 wherein the second system comprises

a regenerative braking system.

31. The apparatus of claim 30 wherein the microprocessor monitors

energy output from the regenerative braking system and monitors energy input

into the battery pack.

32. The apparatus of claim 3 1 wherein the microprocessor further

determines efficiency of the transfer of energy recovered from the regenerative

braking system and stored in the battery pack.

33. The apparatus of claim 25 wherein the system comprises a block

of cells of a battery pack of the electric vehicle.

34. The apparatus of claim 33 wherein the microprocessor monitors a

second block of cells of the battery pack.

35. The apparatus of claim 34 wherein the microprocessor compares

a parameter of the first block of cells with a parameter of the second block of

cells.

36. The apparatus of claim 25 wherein the microprocessor measures

a parameter of the system.

37. The apparatus of claim 36 wherein the parameter comprises a

dynamic parameter.



38. The apparatus of claim 25 including an output provided to an

operator of the electric vehicle.

39. The apparatus of claim 38 wherein the output comprises

instructions related to operation of the vehicle for use in performing the step of

diagnosing.

40. The apparatus of claim 25 wherein the electric vehicle comprises

a hybrid vehicle.

41. The apparatus of claim 25 wherein the system comprises an

electric generator coupled to an internal combustion engine of the electric

vehicle.

42. The apparatus of claim 4 1 wherein the microprocessor monitors a

second system of the electric vehicle, wherein the second system comprises a

battery pack and the microprocessor determines efficiency of storage of energy

from the generator by the battery pack.

43. The apparatus of claim 25 wherein the microprocessor

compensates for a delay between retrieving information related to current

flowing into the system and retrieving information related to a voltage of the

system.

44. The apparatus of claim 25 wherein the microprocessor is

configured to place information onto the databus which affects operation of the

electric vehicle.
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