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ELECTRONIC BATTERY TESTER FOR TESTING STORAGE BATTERY

BACKGROUND OF THE INVENTION

[0001] The present invention relates to electronic battery testers. More specifically, the

present invention relates to battery testers of the type which employ a sequence of steps.

[0002] Electronic battery testers are known in the art. Various types of electronic battery

tests have been used such as a load test in which a load is applied to a battery and the

resultant changes in electric properties of the battery are monitored. Another type of

electronic battery test measures a dynamic parameter of a battery, such as dynamic

conductance.

[0003] Storage batteries are used in stationery or standby applications in which bags of

large batteries are used as a source of power. Examples include UPS systems, backup of

power supply systems, cellular telephone sites, power substations, etc. Other uses of storage

batteries include storage batteries used in automotive vehicles including vehicles driven by an

internal combustion engine, hybrid vehicles having both electric vehicles driven by large

battery packs as well as an internal combustion engine, and purely electric vehicles. It is

desirable to periodically perform maintenance on such batteries including testing such

batteries, identifying bad or failing batteries and replacing such batteries. However, accurate

testing of such batteries requires a uniform test criteria as well as uniform performance of the

maintenance by an operator. This can be difficult because the location in which the batteries

are used may be scattered over a wide area, many different types of batteries may be used in

various locations and different operators may use different testing or maintenance techniques.

SUMMARY OF THE INVENTION

[0004] An electronic battery tester includes test circuitry configured to couple to a battery

and measure a parameter of the battery. A manual input is configured to receive an input

from an operator. A user output provides an output to the operator. A memory contains

programming code, which includes code to output battery test procedure instructions for

implementation by the operator. A microprocessor operates in accordance with the

programming code to instruct the operator to perform the battery test procedure. The

microprocessor further performs a battery test based upon the measured parameter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] Figure 1 is a simplified block diagram of an electronic battery tester.

[0006] Figure 2 is an example of a flow chart illustrating steps in accordance with one

embodiment of the present invention.



[0007] Figure 3 is a table which shows a plurality of instruction sets for use in testing a

battery.

[0008] Figure 4 is a simplified block diagram showing a battery tester in communication

with a remote location.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

[0009] The present invention provides an electronic battery tester for testing storage

batteries which is capable of providing instructions to an operator. The instructions instruct

an operator to perform specific steps for the battery test. This allows the battery test to be

performed in a known or consistent manner whereby the test results are not affected by

improper implementation of the test, or operation of the battery tester. In some embodiments,

a manual input is also provided whereby the operator may interact with the battery tester and

provide responses to instructions or other information as prompted through a display or

output to the operator. Further, the operator instructions are in accordance with a

programming code which is stored in memory of the device. The particular instructions

which are provided to the operator can be changed based upon the battery being tested. For

example, batteries used as backup power supplies at a cellular telephone tower location may

require different testing procedures than batteries used at a central telephone office. Further

still, some organizations may develop a proprietary or alternative battery test which they

implement when testing their batteries. The programming instructions are stored in memory

of the battery tester. In one configuration, more than one set of set of programming code are

stored in the battery tester memory and contain different operator instructions. A particular

set of programming code is selected when the battery tester is configured. This configuration

can be done remotely, at a centralized location, only by certain technicians, by the current

operator, etc. or by other means. In another configuration, the programming code is stored in

the battery tester and accessed based upon how the battery tester will be operated. For

example, a battery tester which will only be used in a cellular phone location can contain a

fixed set of operator instructions. In another example, the operator instructions can be

updated should the testing procedures change.

[0010] An electronic battery tester for testing storage batteries includes electrical

connectors configured to couple to a storage battery. Battery test circuitry is configured to

form a battery test on a storage battery through the electrical connectors. A display is

configured to display information to an operator. A user input is configured to receive an

input from the operator. A microprocessor is coupled to the battery test circuitry, the display

and the user input is configured to display a prompt on the display which instructs the



operator to perform a visual inspection of the storage battery. The microprocessor further

provides a prompt to the operator through the display requesting that the operator identify a

reference value for the storage battery and receives an input from the operator through the

user input whereby the operator selects one of a plurality of techniques to establish a

reference value. The microprocessor instructs the operator to connect electrical connectors to

the storage battery and perform a battery test on the storage battery through the electrical

connectors. The microprocessor provides these instructions in accordance with programming

code stored in memory.

[0011] Figure 1 is a simplified block diagram of an electronic battery tester 16 in

accordance with one example embodiment of the present invention. Module 16 is shown

coupled to battery 10. Module 16 operates in accordance with one embodiment of the present

invention and determines the conductance (GBAT) of battery 10 and the voltage potential

(V BAT) between terminals 12 and 14. Module 16 includes current source 50, differential

amplifier 52, analog-to-digital converter 54 and microprocessor 56. Amplifier 52 is

capacitively coupled to battery 10 through capacitors Ci and C2. Amplifier 52 has an output

connected to an input of analog-to-digital converter 54. Microprocessor 56 is connected to

system clock 58, memory 60, visual output 62 and analog-to-digital converter 54.

Microprocessor 56 is also capable of receiving an input from input device 26. Further, an

input/output (I/O) port 67 is provided.

[0012] In operation, current source 50 is controlled by microprocessor 56 and provides a

current in the direction shown by the arrow in Figure 1. In one embodiment, this is a square

wave, sine wave, pulse or other signal with a time varying component or a pulse. Differential

amplifier 52 is connected to terminals 22 and 24 of battery 10 through capacitors Ci and C2,

respectively, and provides an output related to the voltage potential difference between

terminals 12 and 14. In a preferred embodiment, amplifier 52 has a high input impedance.

Circuitry 16 includes differential amplifier 70 having inverting and noninverting inputs

connected to terminals 24 and 22, respectively. Amplifier 70 is connected to measure the

open circuit potential voltage (VBAT) of battery 10 between terminals 12 and 14. The output

of amplifier 70 is provided to analog-to-digital converter 54 such that the voltage across

terminals 12 and 14 can be measured by microprocessor 56.

[0013] Module 16 is connected to battery 10 through a four-point connection technique

known as a Kelvin connection. This Kelvin connection allows current I to be injected into

battery 10 through a first pair of terminals while the voltage V across the terminals 12 and 14

is measured by a second pair of connections. Because very little current flows through



amplifier 52, the voltage drop across the inputs to amplifier 52 is substantially identical to the

voltage drop across terminals 12 and 14 of battery 12. The output of differential amplifier 52

is converted to a digital format and is provided to microprocessor 56. Microprocessor 56

operates at a frequency determined by system clock 58 and in accordance with programming

instructions stored in memory 60. Microprocessor 56 determines the dynamic conductance of

battery 10 by applying a current pulse I using current source 50. The microprocessor

determines the change in battery voltage due to the current pulse I using amplifier 52 and

analog-to-digital converter 54. The value of current I generated by current source 50 is

known and is stored in memory 60.In one embodiment, current I is obtained by applying a

load to battery 10. Microprocessor 56 calculates the dynamic conductance of battery 10 using

the following equation:

Conductance = GBAT = —— Equation 1
A V

where ∆Ι is the change in current flowing through battery 10 due to current source 50 and AV

is the change in battery voltage due to applied current ∆Ι . A temperature sensor 62 can be

thermally coupled to battery 10 and used to compensate battery measurements. Temperature

readings can be stored in memory 60 for later retrieval.

[0014] In one embodiment of the present invention, test module 16 includes a current

sensor 63 which measures charge/discharge current of the battery 10. The battery current

measurements are utilized by microprocessor 56 to relatively accurately determine state of

charge and state of health of battery 10. The current source 50 may comprise an active source

or a passive source such as a resistor. In one configuration, source 50 can operate as a large

load whereby a load test is applied to the battery 10. In such a load test, the voltage across the

battery and/or the current through the battery is monitored while a large resistive load is

applied.

[0015] The present invention provides a battery tester 16 with the capability of instructing

an operator to perform a series of steps in connection with performing a battery test. This can

be used to insure that the operator is performing the battery test in accordance with a desired

or otherwise recognized test procedure. The microprocessor advances through the steps either

in response to an input from the operator, using a sensor to monitor a parameter, based upon

time, or some other trigger. For example, if one of the steps is to instruct the operator to

connect the battery tester to a battery, the microprocessor can advance to the next step if a

voltage is sensed at connectors to the battery tester which would thereby indicate the battery

tester has been connected to the battery. Further, steps in accordance with more than one test



procedure can be implemented by the battery tester. This can be by retrieving steps in

accordance with another battery test procedure from the memory of the battery tester, or by

updating or otherwise changing the steps which are stored in the memory of the battery tester.

Different test procedure steps can be accessed based upon what type of battery is being

tested, a location of the battery being tested, a specialized or proprietary battery test, the time

the test is performed, etc.

[0016] The particular steps implemented in the battery test and the instructions provided

to the operator can be selected as desired. For example, to establish a clearly defined step

process for testing/analyzing and maintaining standby battery systems and using this process

to control the user interaction with an electronic test device during the completion of a battery

test or maintenance visit. Example test procedures and steps include:

[0017] a . Establishing a defined step process for testing/analyzing and maintaining

battery systems including standby battery systems. This process may be custom by a

particular user/customer or battery type and have different levels of depth.

[0018] b. Developing the key steps and transferring these steps into controlled and

contained user prompts from the interface of an electronic battery test device. These steps

may include:

[0019] i . Pre-test/site visit setup

[0020] ii. Personal protection equipment warnings

[0021] iii. On site data input

[0022] iv. Test data collection

[0023] v. Post data collection review

[0024] vi. Data submission/transfer

[0025] c . A means for limiting variation from the process, including defined and limited

choices of battery sets, battery parameters, battery configurations, site

configurations/equipment and others.

[0026] d . Full integration of the process as well as the electronic device and the collected

and transferred data with a PC or network/web based software tool for full visibility and

control of the maintenance process by remote users.

[0027] e . Incorporating automated service dispatch, reporting, alert notification,

scheduling and invoicing from the use of this integrated system. Examples include:

[0028] Warning: To avoid electric shock when testing jars, follow your company's safety

practices and these guidelines:

• Wear safety glasses or a face shield



• Wear protective rubber gloves

• Wear a protective apron or shop coat

• Perform service work only for which you have been trained

•Do not disconnect the battery cables from power systems during the test without

authorization

•Do not place yourself in an electrical circuit

• Avoid simultaneous contact with the jar and with frame racks or hardware that

may be grounded

• Do not operate the conductance tester with the battery charger (AC adapter)

attached.

[0029] It is important for the operator to follow the proper procedure when testing

batteries and do so consistently in order to effectively analyze the battery system. The

following is a suggested that the battery tester can perform including providing instructions to

an operator.

[0030] Prior to testing, visually inspect the batteries for any abnormalities such as a

cracked case, bulges in a post or leaking electrolyte. Batteries with any of these conditions

should not be tested and should be replaced. Also, verify battery connection torque levels are

correct. The connection hardware should be torqued to manufacturer's specifications.

[0031] Note and record the nominal voltage of the jars (batteries).

[0032] With a temperature sensor measure the surface temperature of the batteries in the

string. Temperature should be within a few degrees of the ambient temperature and the

individual jars should all maintain a similar temperature within a few degrees. Any battery or

string outside this range (hot spots) can present a danger and should not be tested.

[0033] Determine a reference value: Reference values may be average conductance

values from a sample of strong jars similar in condition and age. Generally, a sample of 30

new or healthy batteries is tested to obtain a value representative of a new online battery 90

days after installation. The operator can compare reference values to test results from a string.

The differences between test results and reference values help you determine the string's

capacity to provide enough conductance for the load. Differences can reflect how a string was

treated, installed, or maintained.

[0034] Options in determining a reference value: If specific reference value is desired for

string under test, the operator can create a reference value. The following options are listed in

the order to obtain a reference value in terms of the accuracy of the value.



[0035] a . Consult company documentation for reference values that were created for the

string under testing

[0036] b. Test a sample of jars to determine reference value.

[0037] c . Test the jars in the string and use the highest conductance value as a reference

value.

[0038] d . Use the average conductance after testing the string..

[0039] e . Determine a reference value based on a selected percentage of jars on the

string with the highest conductance value.

[0040] This may be a reference value in the tester's internal database for the model of

battery under test.

[0041] Starting the test: To test a battery string, attach the clamp or probe cables to the

first jar in the string.

[0042] Guidelines:

• Do not place clamps or probes on stainless steel hardware, such as bolt heads,

washers, or threaded posts. Stainless steel hardware can yield low conductance values.

• The jars might have grease on the terminals and connections to prevent

corrosion. The grease does not need to be removed before attaching the clamps or connecting

the probes.

•Test each jar in the same location or position. Changing the location of the test

(contact) point might vary test results.

[0043] Attaching the cable to jar posts:

[0044] 1. Attach the black clamp or probe tip to the black (—) terminal.

[0045] 2 . Attach the red clamp or probe tip to the red (+) terminal.

[0046] Attaching the cable to a strap:

[0047] Remove the red clamp or probe from the red (+) terminal.

[0048] Attach the red clamp or probe at the end of the strap above the black (-) terminal

on the next jar.

[0049] Portable battery test equipment that utilizes dynamic conductance circuitry to

analyze battery state of health is widely used. This equipment provides quantitative results

that must be "translated" into an operational decision for field technicians and network

operations managers. The following rules are examples for evaluating battery string state of

health.

[0050] 1. General conditions that require immediate battery replacement:

• Any battery that displays 0 conductance (rated in Siemens or MHOs)



• Any battery that displays 0 voltage

• Any battery with physical deformities, such as a cracked or bulging case, post or

vent

• Any battery that is currently or has previously leaked electrolyte

• Any battery that has lost 50% or more of its rated conductance while on float

charge.

[0051] Should any of the above mentioned conditions exist, there is an extremely high

probability that the entire battery string will fail (and the site load lost) should it be called into

service given a loss of commercial power.

[0052] 2 . Other conditions that should be strongly considered as indication for

immediate replacement:

• A battery that has lost 40% or more of its rated conductance as established for

that specific battery in that specific site 2

• A battery that while on float charge, exhibits a voltage reading that varies more

than 5% of the manufacturer's specification for float voltage.

•Should any of these conditions exist, it is possible that the battery string will

perform if called into service if the condition exists in only one or two of batteries in the

string because other, known good batteries in this string will compensate for the failing

battery. However, this will affect the long-term life of all of the batteries and could result in

premature aging;

• A condition that merits strong consideration for near-term scheduled

replacement:

[0053] A battery that has lost more than 25% but less than 35% of its rated conductance

as established for that specific battery in that specific site.

[0054] Figure 2 is a simplified block diagram flow chart 100 showing example steps in

accordance with one embodiment of the present invention. The various steps shown in the

block diagram of flow chart 100 can be implemented by microprocessor 56 in accordance

with instructions stored in memory 60 illustrated in Figure 1. Block diagram 100 begins at

start block 102. At block 104, the battery test circuitry can optionally perform initial tests. For

example, the battery test circuitry may be configured to obtain geographical information, for

example, input using any technique including a GPS device or manual input, measure

ambient temperature, measure a voltage at the connection to the battery 10 to determine if the

device the tester 16 is coupled to the battery 10, etc. At block 106, the microprocessor 56

retrieves operator instructions from memory 60. As mentioned above, these instructions may



be received from a remote location and stored in memory 60. Similarly, a plurality of

different instruction sets may be stored in the memory 60 and accessed based upon a

particular battery test regime. For example, different batteries may use different test

procedures, different locations or applications may implement different testing procedures,

different companies may implement proprietary testing procedures, etc. In response to the

retrieved instructions, an output to an operator is provided at block 108. For example, this

output may be through output 22 which can comprise, for example, a display, an audio

output, etc. At block 110, results from an operator input are optionally received. For example,

this may be through input 26 shown in Figure 1 which may comprise a button, a keyboard, a

keypad, a scanning device, etc. At block 112, the microprocessor 156 per forms tests on the

battery 10. Example tests include measurement of static parameters such as voltage or

current, measurement of dynamic parameters such as dynamic conductance, dynamic

resistance, dynamic impedance, dynamic admittance, etc., performing a load test by applying

a load to the battery 10, obtaining temperature information, monitoring noise signals, etc. At

block 114, the microprocessor 56 checks to see whether additional instructions should be

implemented. If there are additional instructions, control is passed to block 106 and the

process is repeated. Alternatively, at block 116 the microprocessor 56 is configured to

provide an output based upon the result of any test performed or instruction information

received from the operator. Typically, the output is a function of both the results of the test as

well as the particular instructions received from the operator. At block 118, the procedure

terminates.

[0055] Figure 3 is an illustration showing a table of instructions 200 which may be stored

in memory 60 shown in Figure 1. Table of instructions 200 illustrates three different set of

instruction sets 202, 204 and 206 each in accordance with different test procedures. Each

instruction set 202, 204, and 206 includes operator instructions (A) and measurements, test

procedures and test criteria (B). These instruction and procedures are implemented in

accordance with the flow chart in Figure 2 . Further, in one embodiment, the memory 56

includes only single test procedures. In another embodiment, multiple test procedures are

contained in the memory 60 as illustrated in Figure 3 . In some configurations, the instruction

sets can be updated, for example, using input/output 67 shown in Figure 1. Initially, the

microprocessor 56 must receive input allowing it to select appropriate instruction set. This

input may come from an operator or some other source such as time of day, location, time of

month or year, temperature, an instruction received from a remote location, etc.



[0056] In one configuration, the I/O circuitry 67 includes circuitry configured to

communicate with a remote location. This may be through both wired and wireless

connections including network connections. Further, the memory 60 may contain volatile

memory, non-volatile memory which may or may not be rewritten, or any combination

thereof.

[0057] Figure 4 is a simplified block diagram showing electronic battery tester 16

including memory 60 in communication with a remote location 150. In the configuration

illustrated in Figure 4, remote location 150 includes operator instructions 152 along with

measurement, test procedures and criteria 154. This information is communicated to tester 16

over a communication link 156. The operator instructions 152 along with measurements, test

procedures and criteria 154 may be stored in memory 60 as programming code as discussed

above. In another example configuration, instructions 152 and criteria 154 are only provided

to tester 16 when performing a battery test. In such a configuration, battery tester 16 operates

as the instructions are received from the remote location 150. In another example

embodiment, the instructions 152 and criteria 154 as stored in the memory in an on-demand

fashion in which they are provided on communication link 156 when the battery tester is used

in a particular manner or with a particular battery. These configurations allow the testing

instructions to be updated or modified dynamically as required. The communication link 156

may comprise, for example, a wireless or wired communication link or a combination of

both. The communication may be over a computer network, cellular network, the Internet, or

other medium used for transmitting information. The communication link 156 may be uni

directional or bi-directional.

[0058] 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.



WHAT IS CLAIMED IS:

1. An electronic battery tester, comprising:

test circuitry configured to couple to a battery and measure a parameter of the battery;

a manual input configured to receive an input from an operator;

a user output configured to provide an output to the operator;

a memory containing programming code, the programming code including

programming code to output on the user output battery test procedure

instructions for implementation by the operator; and

a microprocessor which operates in accordance with the programming code to thereby

instruct the operator to perform the battery test procedure and perform a battery

test based upon the measured parameter;

wherein the battery test procedure output by the microprocessor changes as a function

of the battery being tested.

2 . The electronic battery tester of claim 1 wherein the memory includes a plurality of

battery test procedure instructions.

3 . The electronic battery tester of claim 2 wherein one of the plurality of test procedure

instructions is selected based upon a battery being tested.

4 . The electronic battery tester of claim 1 including a communication link configured to

communicate with a remote location.

5 . The electronic battery tester of claim 4 wherein the remote location includes battery

test procedure instructions which are stored in the memory.

6 . The electronic battery tester of claim 1 wherein the battery test procedure instructions

include operator instructions and measurements, test procedures and criteria.

7 . The electronic battery tester of claim 1 wherein the test procedure instructions include

instructing the operator to perform a visual inspection of the battery.

8. The electronic battery tester of claim 1 wherein the test procedure instructions include

instructing the operator to test electrical connections to the battery.

9 . The electronic battery tester of claim 1 wherein the microprocessor selects a

programming code based upon an operator input.

10. A method of testing a storage battery, comprising:

providing an electronic battery tester;



providing battery test procedure instructions to an operator using an output of the

electronic battery tester, the battery test procedure instructions instructing the

operator to perform a selected test procedure on the battery and stored in a

memory;

selecting the selected test procedure based upon the battery under test.

11. The method of claim 10 wherein the memory includes a plurality of battery test

procedure instructions.

12. The method of claim 10 including providing a communication link configured to

communicate with a remote location.

13. The method of claim 10 wherein the remote location includes the battery test

procedure instructions.

14. The method of claim 10 wherein the battery test procedure instructions include

operator instructions and measurements, test procedures and criteria.

15. The method of claim 10 wherein the test procedure instructions include instructing the

operator to perform a visual inspection of the battery.

16. The method of claim 10 wherein the test procedure instructions include instructing the

operator to test electrical connections to the battery.

17. The method of claim 10 including selecting the selected test procedures based upon an

operator input.
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