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ELECTRONIC BATTERY TESTER

BACKGROUND OF THE INVENTION

The present invention claims priority to Provisional
Application Serial No. 60/128,366, filed Apr. 8, 1999 and
entitled ELECTRONIC BATTERY TESTER.

The present invention relates to testing of storage batter-
ies. More specifically, the present invention relates to elec-
tronic battery testers of the type used to test the condition of
storage batteries.

Storage batteries, such as lead acid storage batteries of the
type used in the automotive industry, have existed for many
years. However, understanding the nature of such storage
batteries, how such storage batteries operate and how to
accurately test such batteries has been an ongoing endeavor
and has proved quite difficult. Storage batteries consist of a
plurality of individual storage cells electrically connected in
series. Typically each cell has a voltage potential of about
2.1 volts. By connecting the cells in series, the voltages of
the individual cells are added in a cumulative manner. For
example, in a typical automotive storage battery, six storage
cells are used to provide a total voltage when the battery is
fully charged of 12.6 volts.

There has been a long history of attempts to accurately
test the condition of storage batteries. A simple test is to
measure the voltage of the battery. If the voltage is below a
certain threshold, the battery is determined to be bad.
However, this test is inconvenient because it requires the
battery to be charged prior to performing the test. If the
battery is discharged, the voltage will be low and a good
battery may be incorrectly tested as bad. Furthermore, such
a test does not give any indication of how much energy is
stored in the battery. Another technique for testing a battery
is referred as a load test. In a load test, the battery is
discharged using a known load. As the battery is discharged,
the voltage across the battery is monitored and used to
determine the condition of the battery. This technique
requires that the battery be sufficiently charged in order that
it can supply current to the load.

More recently, a technique has been pioneered by Dr.
Keith S. Champlin and Midtronics, Inc. of Burr Ridge, I11.
for testing storage batteries by measuring the conductance of
the batteries. This technique is described in a number of
United States patents obtained by Dr. Champlin and
Midtronics, Inc, for example, U.S. Pat. No. 3,873,911,
issued Mar. 25, 1975, to Champlin, entitled ELECTRONIC
BATTERY TESTING DEVICE; U.S. Pat. No. 3,909,708,
issued Sep. 30, 1975, to Champlin, entitled ELECTRONIC
BATTERY TESTING DEVICE; U.S. Pat. No. 4,816,768,
issued Mar. 28, 1989, to Champlin, entitled ELECTRONIC
BATTERY TESTING DEVICE; U.S. Pat. No. 4,825,170,
issued Apr. 25, 1989, to Champlin, entitled ELECTRONIC
BATTERY TESTING DEVICE WITH AUTOMATIC
VOLTAGE SCALING; U.S. Pat. No. 4,881,038, issued Nov.
14, 1989, to Champlin, entitled ELECTRONIC BATTERY
TESTING DEVICE WITH AUTOMATIC VOLTAGE
SCALING TO DETERMINE DYNAMIC CONDUC-
TANCE; U.S. Pat. No. 4,912,416, issued Mar. 27, 1990, to
Champlin, entitled ELECTRONIC BATTERY TESTING
DEVICE WITH STATE-OF-CHARGE COMPENSATION;
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U.S. Pat. No. 5,140,269, issued Aug. 18, 1992, to Champlin,
entitled ELECTRONIC TESTER FOR ASSESSING
BATTERY/CELL CAPACITY; U.S. Pat. No. 5,343,380,
issued Aug. 30, 1994, entitled METHOD AND APPARA-
TUS FOR SUPPRESSING TIME VARYING SIGNALS IN
BATTERIES UNDERGOING CHARGING OR DIS-
CHARGING; U.S. Pat. No. 5,572,136, issued Nov. 5, 1996,
entitled ELECTRONIC BATTERY TESTER WITH AUTO-
MATIC COMPENSATION FOR LOW STATE-OF-
CHARGE; U.S. Pat. No. 5,574,355, issued Nov. 12, 1996,
entitled METHOD AND APPARATUS FOR DETECTION
AND CONTROL OF THERMAL RUNAWAY IN A BAT-
TERY UNDER CHARGE; U.S. Pat. No. 5,585,728, issued
Dec. 17, 1996, entitled ELECTRONIC BATTERY TESTER
WITH AUTOMATIC COMPENSATION FOR LOW
STATE-OF-CHARGE; U.S. Pat. No. 5,592,093, issued Jan.
7, 1997, entitled ELECTRONIC BATTERY TESTING
DEVICE LOOSE TERMINAL CONNECTION DETEC-
TION VIA A COMPARISON CIRCUIT; U.S. Pat. No.
5,598,098, issued Jan. 28, 1997, entitled ELECTRONIC
BATTERY TESTER WITH VERY HIGH NOISE IMMU-
NITY; U.S. Pat. No. 5,757,192, issued May 26, 1998,
entitled METHOD AND APPARATUS FOR DETECTING
A BAD CELL IN A STORAGE BATTERY; U.S. Pat. No.
5,821,756, issued Oct. 13, 1998, entitled ELECTRONIC
BATTERY TESTER WITH TAILORED COMPENSA-
TION FOR LOW STATE-OF-CHARGE,; U.S. Pat. No.
5,831,435, issued Nov. 3, 1998, entitled BATTERY
TESTER FOR JIS STANDARD; U.S. Pat. No. 5,914,605,
issued Jun. 22, 1999, entitled ELECTRONIC BATTERY
TESTER; U.S. Pat. No. 5,945,829, issued Aug. 31, 1999,
entitled MIDPOINT BATTERY MONITORING; and U.S.
Pat. No. 6,002,238, issued Dec. 14,1999, entitled METHOD
AND APPARATUS FOR MEASURING COMPLEX
IMPEDANCE OF CELLS AND BATTERIES.

Most accurate electronic battery testers have required
very accurate and relatively expensive test and interface
circuitry. The circuitry must be able to be accurately cali-
brated to a standard, and maintain that calibration in the
harsh environment often associate with automotive battery
testing. The user interface associated with such devices has
also been relatively complex and expensive. Such devices
have required a significant capital investment and, because
of this investment, have often not been attractive to indi-
vidual consumers. Further, the expense associated with such
battery testers has reduced the number of testers which are
typically available in commercial settings.

SUMMARY OF THE INVENTION

An electronic battery tester includes a calibration inter-
face. A microprocessor is configured to calibrate the battery
tester by coupling to a calibrator through the calibration
interface.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a simplified schematic diagram showing an
electronic battery tester in accordance with the present
invention.

FIG. 2 is a simplified block diagram of a test fixture in
accordance with one aspect of the invention for use with the
battery tester of FIG. 1.
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FIG. 3 is a simplified electrical schematic diagram of an
amplifier in the tester of FIG. 1.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

The present invention provides an inexpensive electronic
battery tester which delivers accurate results and is easy to
use. Aspects of the invention will be apparent in the fol-
lowing disclosure.

FIG. 1 is a simplified block diagram of electronic battery
tester circuitry 16 in accordance with the present invention.
Apparatus 16 is shown coupled to battery 12 which includes
a positive battery terminal 22 and a negative battery terminal
24. Battery 12 is a storage battery having a plurality of
individual cells, typically six, and a voltage of 12.6 volts.

Circuitry 16 operates in accordance with one embodiment
of the present invention and determines the conductance
(Ggap) of battery 12 and the voltage potential (V)
between terminals 22 and 24 of battery 12. Circuitry 16
includes current source 50, differential amplifier 52, analog-
to-digital converter 54 and microprocessor 56. Amplifier 52
is capacitively coupled to battery 12 through capacitors C,
and C,. Amplifier 52 has an output connected to an input of
analog-to-digital converter 54. Microprocessor 56 is con-
nected 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 66. Further,
an input/output (I/O) port 67 is provided.

In operation, current source 50 is controlled by micro-
processor 56 and provides a current in the direction shown
by the arrow in FIG. 1. In one embodiment, this is a square
wave or a pulse. Differential amplifier 52 is connected to
terminals 22 and 24 of battery 12 through capacitors C, and
C,, respectively, and provides an output related to the
voltage potential difference between terminals 22 and 24. In
a preferred embodiment, amplifier 52 has a high input
impedance. Circuitry 16 includes differential amplifier 70
having inverting and noninverting inputs connected to ter-
minals 24 and 22, respectively. Amplifier 70 is connected to
measure the open circuit potential voltage (Vz,47) of battery
12 between terminals 22 and 24. The output of amplifier 70
is provided to analog-to-digital converter 54 such that the
voltage across terminals 22 and 24 can be measured by
microprocessor 56.

Circuitry 16 is connected to battery 12 through a four-
point connection technique known as a Kelvin connection.
This Kelvin connection allows current I to be injected into
battery 12 through a first pair of terminals while the voltage
V across the terminals 22 and 24 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 22 and 24 of battery 12. The output of
differential amplifier 52 is converted to a digital format and
is provided to microprocessor 56. Microprocessor 56 oper-
ates at a frequency determined by system clock 58 and in
accordance with programming instructions stored in
memory 60.

Microprocessor 56 determines the conductance of battery
12 by applying a current pulse I using current source 50. The
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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 12. Microprocessor 56 calculates the dynamic con-
ductance of battery 12 using the following equation:

Al
AV

Equation 1
Conductance = Ggar =

where Al is the change in current flowing through battery 12
due to current source 50 and AV is the change in battery
voltage due to applied current Al This can then be converted
in to cold cranking amps (CCA) and/or compared to a rating
of battery 12 stored in memory 60.

One aspect of the present invention includes the reduction

in the number of expensive components which are used in
the battery tester 16. For example, some prior art battery
testers have required a user input through which an operator
enters a rating or reference for the particular battery being
tested. However, in one embodiment, the present invention
uses a fixed reference which is chosen to approximate the
capacity of most batteries being tested. For example, a value
of approximately 500 CCA may be used as an approxima-
tion and stored in memory 60. Although this reduces accu-
racy of the tester, the tester is still capable of providing
satisfactory results for many applications. For example, if a
battery is measured as being marginal, the operator can
proceed with a battery test using a tester having a separate
input. The particular general reference standard which is
used in the present invention can be selected for a specific
use for the tester. For example, if the tester is intended for
use with automotive batteries one standard may be used and
if the tester is intended for use with golf carts, for example,
another standard may be stored in memory 60 during
manufacture. In another embodiment, the rating is entered
through input 66 by an operator.

In another aspect of the present invention, indicator 62
comprises two LEDs 62A and 62B. For example, LED 62A
can be a red LED and LED 62B can be a green LED. If
microprocessor 56 turns both LEDs 62A and 62B on, this
indicator that the testing process is under way. A single green
LED 62B indicates a good battery while a single red LED
62A indicates a bad battery. A flashing green LED 62B
indicates a good battery with a low charge. Flashing red and
green LEDs 62A,B indicate the battery should be recharged
and retested. In another aspect, the tester 16 can be used as
a charging tester by measuring the voltage across the battery
12 during operation of the engine of the vehicle which
contains the battery. The tester can be switched between a
battery test mode and a charging test mode through user
input 66 which comprises a switch, for example. In this
aspect of the invention, a green light indicates a normal
charging voltage, a red light indicates a low charging voltage
and a flashing red light indicates a high charging voltage. Of
course, other combinations of light colors, sequences or
flashing rates can be used to convey information.

In one aspect, memory 60 includes a non-volatile memory
such as a flash memory which can store information when
circuitry 16 is not receiving power. In performing a battery
test, microprocessor can compare a measured value of a
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dynamic parameter of the battery, such as conductance, to a
rated value to obtain a relative value. The rated value can be
stored in memory 60. The units of the rating such as CCA,
DIN, SAE, JIS or others, can be selected by a user and
semi-permanently stored in the flash memory. Any type of
non-volatile memory which can be written to and can be
used. A rating can be selected through user input 66. For
example, a first button can be used to increment a rating
displayed on indicator 62 and a second button can be used
to decrement the rating. The value of the increments and
decrements can be stored in the flash memory. Programming
of the flash memory can be through a special operating
mode. For example, if a certain sequence of inputs are
provided or pressed on input 66 during operation or during
power up of the device, microprocessor 56 can enter a flash
memory programming mode. In such a mode, the rating
standard or the increment/decrement value can be entered
and stored into the flash memory. Typically, circuitry 16 is
powered using power derived from battery 12. In such an
embodiment, values in the flash memory will be maintained
even when the device is disconnected from battery 12.

Microprocessor 56 can also capture and store voltages
measured by amplifier 70. For example, microprocessor 56
can take a number of samples using the analog to digital
converter 54 and store a high sample value and a low sample
value. These values can subsequently be retrieved using
input 66 and displayed through indicator 62. This informa-
tion is particularly useful to diagnose problems associated
with the starter motor of the vehicle. For example, a rela-
tively low voltage value can indicate a impending failure.
Similarly, a high value during which the starter motor is not
operating can indicate that the starter motor is burned out is
failing to receive power.

In one aspect, indicator 62 includes an LED array con-
figured to provide a numerical output. Such an output can
provide, for example, a voltage measurement. Further, in
one embodiment, an operator is able to enter the rating of a
battery, such as a CCA rating, by pushing buttons in user
input 66 which allow the operator to scroll through a series
of CCA ratings which are displayed on the LED array of
indicator 62. CCA can be stored in increments of 5 or 10, for
example, and the operator can scroll through the increments
until the battery rating is reached. A test can then be initiated
by pressing another button in input 66.

The battery tester 16 of the present invention is also
capable of performing an automated calibration. Typically,
this calibration is performed during manufacture, during
which time the tester 16 is coupled to a calibrated test
fixture. FIG. 2 is a simplified diagram of a test fixture or
calibrator 100 for use with tester 16 of FIG. 1. In the
simplified schematic diagram illustrated in FIG. 2, calibrator
100 includes a calibration resistance or shunt 102 and a
calibration voltage generated by zener diode 104 of 10.00
volts. A switch 106 is connected as shown in FIG. 2 and
coupled to tester /O 67. During operation, microprocessor
56 and tester 16 controls switch 106 to switch between a
conductance (CCA) calibration mode and a voltage calibra-
tion mode. To calibrate conductance, switch 106 is moved
into position to couple to resistance 102. Tester 16 performs
a test upon this calibration resistance 102. The difference
between the measured value and the actual value is stored in
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memory 60 and is used to offset subsequent tests. Similarly,
to perform a voltage calibration switch 106 is connected to
voltage source 104 such that all test connections to tester 16
are connected across voltage source 104. Again, the mea-
sured value is compared to the actual value of source 104
and the offset is stored in memory 60 and used to correct
subsequent calibrations. In a third position, switch 106
couples to the other terminal to allow measurement of the
voltage source. After the calibration sequence, a second
calibration sequence is performed. If errors still exist, or if
the errors are outside of an acceptable window, the tester is
rejected. Further I/O 67 can couple to a computer (not
shown) whereby microprocessor 56 in tester can provide
detailed diagnostic information such as specific calibration
values or measurement errors for use in performing diag-
nostics on tester 16.

Calibrator 200 can have other configurations and the
embodiment of FIG. 2 is simply one example. The switch
can be formed by a relay transistor or other selectable switch
and can comprise multiple switches to achieve the desired
functionality. The calibrator can also include a micropro-
cessor to perform more complex calibration steps.

FIG. 3 illustrates a simplified amplifier 120 in accordance
with another aspect of the invention. Amplifier 120 includes
differential amplifier 52 coupled with resistors 122,124,126
and 128 as shown. Further, current source 50 is illustrated in
FIG. 3 including a measured voltage V, 130 across a load
resistance 132 which is switched by transistor 134. The
amplifier is configured to have a gain of 100 and the
transistor 134 switches at a frequency of 100 Hz. Thus, the
CCA of the battery 12 is proportional to the conductance of
the battery (Gga77) Which equals V,/V ., Where V, is the
voltage across load resistance 132 and V. is the differ-
ential voltage output from amplifier 52. In one preferred
embodiment, amplifier 52 comprises a LM324 operational
amplifier (OPAMP).

The present invention may be implemented using any
appropriate technique. For simplicity, a single technique has
been illustrated herein. However, other techniques may be
used including implementation in all analog circuitry.
Additionally, by using appropriate techniques, the battery
resistance and a reference resistance (the reciprocal of
conductance) may be employed in the invention. Various
reference values may be stored in memory and be selected
for various testing criteria such as based upon a measured
temperature or the measured battery voltage. Although cir-
cuitry 16 has been illustrated in which source 50 is a current
source and amplifier 52 measures a voltage signal, those
skilled in the art will recognize that the circuitry may be
modified by using a voltage signal source and detecting the
result in current flowing through the battery. A value related
to this current level is digitized and provided to the micro-
processor. Battery conductance and relative conductance are
calculated as appropriate. Further, the voltage or current
signals may be pulsed, square waves, sign waves or any
other appropriate signal controlled by microprocessor 56 or
by an oscillator such as clock 58. The terms “inject” or
“apply” is used herein to describe the applying of voltage or
current either with active circuitry or by applying a load to
the battery. Further, “time varying” includes step signal
inputs, pulse signals, periodic signals, etc.
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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 for testing a storage battery,
comprising:

a first pair of connectors configured to couple to a positive

terminal of the battery;

a second pair of connectors configured to couple to a
negative terminal of the battery, the first and second
pairs of connectors forming a Kelvin connection with
the battery;

a memory;

a calibration interface configured to provide a calibrator
control output to a calibrator;

a microprocessor configured to test the battery through the
Kelvin connection based upon a calibration value
stored in the memory, the microprocessor further con-
figured to communicate with the calibrator through the
calibration interface to initiate a self calibration, mea-
sure a calibrated value of the calibrator through the
Kelvin connection and store the measured calibrator
value in memory as the calibration value.

2. The electronic battery tester of claim 1 wherein the
calibration interface is configured to provide a first calibrator
control output to initiate a resistance calibration and a
second calibrator control output to initiate a voltage cali-
bration.

3. The electronic battery tester of claim 1 including a
visual output configured to display a result of the battery
test, the visual output including a LED and wherein a first
test result is indicated with the LED on and a second test
result is indicated with the LED off.

4. The electronic battery tester of claim 1 wherein the
battery test is further a function of a fixed reference value
stored in the memory.

5. The electronic battery tester of claim 1 wherein the
battery test is further a function of a selectable reference
value.

6. The electronic battery tester of claim 5 wherein the
reference value is selected by scrolling through a plurality of
reference values.

7. The electronic battery tester of claim 5 wherein the
reference value is selected in accordance with an increment
value stored in the memory.

8. The electronic battery tester of claim 7 wherein the
memory comprises a non-volatile memory.

9. The electronic battery tester of claim 8 wherein the
increment value is selectively stored in the non-volatile
memory.

10. The electronic battery tester of claim 9 wherein the
increment value is stored by placing the microprocessor in
a programming mode.

11. The electronic battery tester of claim 11 wherein a
programming mode is entered during power-up of the
MIiCroprocessor.

12. The electronic battery tester of claim § wherein the
reference value is in accordance with a selectable standard.

13. The electronic battery tester of claim 12 wherein the
standard is stored in memory.
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14. The electronic battery tester of claim 13 wherein the
memory comprises a non-volatile memory.

15. The electronic battery tester of claim 13 wherein the
standard is stored by placing the microprocessor in a pro-
gramming mode.

16. The electronic battery tester of claim 15 wherein the
programming mode is entered during power-up of the
Mmicroprocessor.

17. The electronic battery tester of claim 1 wherein the
calibration output is configured to drive a switch in the
calibrator.

18. The electronic battery tester of claim 2 wherein the
microprocessor calibration values from resistance and volt-
age measurements are stored in the memory.

19. An eclectronic battery tester for testing a storage
battery, comprising:

a first pair of connectors configured to couple to a positive

terminal of the battery;

a second pair of connectors configured to couple to a
negative terminal of the battery, the first and second
pairs of connectors forming a Kelvin connection with
the battery;

a memory;

a microprocessor configured to test the battery through the
Kelvin connection based upon an industry standard
battery rating; and

a user input configured to select an industry standard
rating system for the battery rating and store the
selected rating system in the memory.

20. The electronic battery tester of claim 19 including a
calibration interface configured to couple to a calibrator to
initiate measurement of a calibrated value of the calibrator
through the Kelvin connection.

21. The electronic battery tester of claim 19 including a
visual output configured to display a result of the battery
test, the visual output including a LED and wherein a first
test result is indicated with the LED on and a second test
result is indicated with the LED off.

22. The electronic battery tester of claim 19 wherein the
battery test is a function of a fixed reference value stored in
the memory.

23. The electronic battery tester of claim 19 wherein the
battery test is further a function of a selectable reference
value.

24. The electronic battery tester of claim 23 wherein the
reference value is selected by scrolling through a plurality of
reference values.

25. The electronic battery tester of claim 24 wherein the
reference value is selected in accordance with an increment
value stored in a non-volatile memory.

26. The electronic battery tester of claim 19 wherein the
memory comprises a non-volatile memory.

27. The electronic battery tester of claim 26 wherein the
standard rating system is stored by placing the micropro-
cessor in a programming mode.

28. The electronic battery tester of claim 14 wherein the
programming mode is entered during power-up of the
microprocessor.

29. An electronic battery tester for testing a storage
battery, comprising:

a first pair of connectors configured to couple to a positive

terminal of the battery;
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a second pair of connectors configured to couple to a
negative terminal of the battery, the first and second
pairs of connectors forming a Kelvin connection with
the battery;

a memory;

a microprocessor configured to test the battery through the
Kelvin connection based upon a battery rating; and

a user input configured to select an increment or decre-
ment value for use in entering the battery rating and
store the value in the memory.

30. The electronic battery tester of claim 29 includes a

calibration interface to couple to a calibrator.

31. The electronic battery tester of claim 29 including a
visual output configured to display a result of the battery
test, the visual output including a LED and wherein a first
test result is indicated with the LED on and a second test
result is indicated with the LED off.

32. The electronic battery tester of claim 29 wherein the
battery rating is selected by scrolling through a plurality of
reference values.

33. The electronic battery tester of claim 29 wherein the
reference value is selected in accordance with an increment
value stored in the memory.

34. The electronic battery tester of claim 29 wherein the
memory comprises a non-volatile memory.
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35. The electronic battery tester of claim 29 wherein the
increment or decrement value is stored in memory by
placing the microprocessor in a programming mode.

36. The electronic battery tester of claim 35 wherein the
programming mode is entered during power-up of the
MICTOProcessor.

37. The electronic battery tester of claim 29 wherein the
battery rating is in accordance with a selectable standard.

38. The electronic battery tester of claim 37 wherein the
standard is stored in memory.

39. The electronic battery tester of claim 38 wherein the
standard is stored by placing the microprocessor in a pro-
gramming mode.

40. A battery tester calibrator, comprising;:

a control input configured to receive a control input from

an electronic battery tester;

a Kelvin connection coupling configured to couple to a

Kelvin connection of the battery tester;

a voltage reference;

a resistance reference;

at least one switch configured to selectively couple the

voltage and resistance references to the Kelvin connec-
tion coupling in respective first and second relay posi-
tions in response to the control input.
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