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APPARATUS FOR CALIBRATING
ELECTRONIC BATTERY TESTER

BACKGROUND OF THE INVENTION

The present invention relates to electronic battery testers
of the type used for testing storage batteries. More
particularly, the present invention relates to a calibrator for
calibrating such electronic battery testers.

Chemical storage batteries, such as lead acid batteries
used in automobiles, have existed for many years. In order
to make optimum use of such a battery, it is very desirable
to test the battery to determine various battery parameters
such as state of charge, battery capacity, state of health, the
existence of battery defects.

Various techniques have been used to measure battery
parameters. For example, hygrometers have been used to
measure the specific gravity of a battery and simple voltage
measurements have been used to monitor the voltage of the
battery. One battery testing technique which has been popu-
lar for many years is known as a load test in which a battery
is heavily loaded over a period of time and the decay in the
battery output is monitored. However, such a test is time
consuming and leaves the battery in a relatively discharged
condition. Further, such a tester must be made relatively
large if it is to be used with large batteries.

A much more elegant technique has been pioneered by
Midtronics, Inc. of Burr Ridge, Ill. and Dr. Keith S. Cham-
plin in which battery parameters are determined based upon
ameasurement of the battery’s conductance. This work is set
forth in, for example, the following patents: 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 ELEC-
TRONIC BATTERY TESTING DEVICE WITH AUTO-
MATIC VOLTAGE SCALING TO DETERMINE
DYNAMIC CONDUCTANCE; U.S. Pat. No. 4,912,416,
issued Mar. 27, 1990, to Champlin, entitled ELECTRONIC
BATTERY TESTING DEVICE WITH STATE-OF-
CHARGE COMPENSATION; 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 APPARATUS FOR SUPPRESSING TIME
VARYING SIGNALS IN BATTERIES UNDERGOING
CHARGING OR DISCHARGING; U.S. Pat. No. 5,572,
136, issued Nov. 5, 1996, entitled ELECTRONIC BAT-
TERY TESTER WITH AUTOMATIC COMPENSATION
FOR LOW STATE-OF-CHARGE; U.S. Pat. No. 5,574,355,
issued Nov. 12, 1996, entitled METHOD AND APPARA-
TUS FOR DETECTION AND CONTROL OF THERMAL
RUNAWAY IN A BATTERY UNDER CHARGE; U.S. Pat.
No. 5,585,728, issued Dec. 17, 1996, entitled ELEC-
TRONIC BATTERY TESTER WITH AUTOMATIC COM-
PENSATION FOR LOW STATE-OF-CHARGE; U.S. Pat.
No. 5,592,093, issued Jan. 7, 1997, entitled ELECTRONIC
BATTERY TESTING DEVICE LOOSE TERMINAL CON-
NECTION DETECTION VIA A COMPARISON CIRCUIT;
U.S. Pat. No. 5,598,098, issued Jan. 28, 1997, entitled
ELECTRONIC BATTERY TESTER WITH VERY HIGH
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2

NOISE IMMUNITY; U.S. Pat. No. 5,757,192, issued May
26, 1998, entitted 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
COMPENSATION 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; U.S. Pat.
No. 6,002,238, issued Dec. 14, 1999, entitled METHOD
AND APPARATUS FOR MEASURING COMPLEX
IMPEDANCE OF CELLS AND BATTERIES; U.S. Pat.
No. 6,037,777, issued Mar. 14, 2000, entitled METHOD
AND APPARATUS FOR DETERMINING BATTERY
PROPERTIES FROM COMPLEX IMPEDANCE/
ADMITTANCE; and U.S. Pat. No. 6,051,976, issued Apr.
18, 2000, entitled METHOD AND APPARATUS FOR
AUDITING A BATTERY TEST.

In general, these more advanced electronic battery testers
have used Kelvin connections to couple to terminals of the
battery. For example, a first connection in a first Kelvin
connection and a second Kelvin connection can be used to
apply a forcing function to the battery. A second connection
in the first Kelvin connection and a second connection in the
second Kelvin connection can be used to measure a response
of the battery to the applied forcing function. Typically, the
electronic battery tester must be calibrated to ensure that it
is performing accurate battery tests. A simple calibration
fixture consists of a calibrated resistance in series with a
power supply designed to simulate a storage battery.
However, there is an ongoing need to improve the accuracy
and efficiency of the calibration process.

SUMMARY OF THE INVENTION

A calibration fixture is provided for calibrating an elec-
tronic battery tester which has first and second battery tester
Kelvin connections configured to couple to terminals of a
battery. The calibration fixture includes a first Kelvin con-
nection has an A' terminal and a C' terminal configured to
couple to the first battery tester Kelvin connection and a
second Kelvin connection having a B' terminal and a D'
terminal configured to couple to the second battery tester
Kelvin connection. A calibrated shunt is in series with a
power supply connected between the A' terminal of the first
Kelvin connection and the B' terminal of the second Kelvin
connection. The calibrated shunt has a calibrated resistance
value. An active shunt is placed in series between the C'
terminal of the first Kelvin connection and the D' terminal of
the second Kelvin connection. The active shunt provides a
calibrated apparent resistance between the C' and D' terminal
which is a function of the calibrated resistance value of the
calibrated shunt.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram showing a storage battery
coupled to a simplified illustration of an electronic battery
tester.

FIG. 2 is a block diagram of a prior art calibration fixture.

FIG. 3 is an electrical schematic diagram of a calibration
fixture in accordance with one embodiment of the present
invention.

FIG. 4 is a simplified block diagram showing one example
calibration fixture including a controller.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

There are many different techniques for testing storage
batteries. However, one technique which has been devel-
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oped by Midtronics, Inc. of Willowbrook, I1l. and Professor
Keith S. Champlin uses Kelvin connections to couple to a
storage battery. Various aspects of this testing technique are
shown and described in the following U.S. patents which are
incorporated herein by reference in their entirety. 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 ELEC-
TRONIC BATTERY TESTING DEVICE WITH AUTO-
MATIC VOLTAGE SCALING TO DETERMINE
DYNAMIC CONDUCTANCE; U.S. Pat. No. 4,912,416,
issued Mar. 27, 1990, to Champlin, entitled ELECTRONIC
BATTERY TESTING DEVICE WITH STATE-OF-
CHARGE COMPENSATION; 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 APPARATUS FOR SUPPRESSING TIME
VARYING SIGNALS IN BATTERIES UNDERGOING
CHARGING OR DISCHARGING; U.S. Pat. No. 5,572,
136, issued Nov. 5, 1996, entitled ELECTRONIC BAT-
TERY TESTER WITH AUTOMATIC COMPENSATION
FOR LOW STATE-OF-CHARGE; U.S. Pat. No. 5,574,355,
issued Nov. 12, 1996, entitled METHOD AND APPARA-
TUS FOR DETECTION AND CONTROL OF THERMAL
RUNAWAY IN A BATTERY UNDER CHARGE; U.S. Pat.
No. 5,585,728, issued Dec. 17, 1996, entitled ELEC-
TRONIC BATTERY TESTER WITH AUTOMATIC COM-
PENSATION FOR LOW STATE-OF-CHARGE; U.S. Pat.
No. 5,592,093, issued Jan. 7, 1997, entitled ELECTRONIC
BATTERY TESTING DEVICE LOOSE TERMINAL CON-
NECTION DETECTION VIAA COMPARISON CIRCUIT;
U.S. Pat. No. 5,598,098, issued Jan. 28, 1997, entitled
ELECTRONIC BATTERY TESTER WITH VERY HIGH
NOISE IMMUNITY; 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
COMPENSATION 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; U.S. Pat.
No. 6,002,238, issued Dec. 14, 1999, entitled METHOD
AND APPARATUS FOR MEASURING COMPLEX
IMPEDANCE OF CELLS AND BATTERIES; U.S. Pat.
No. 6,037,777, issued Mar. 14, 2000, entitled METHOD
AND APPARATUS FOR DETERMINING BATTERY
PROPERTIES FROM COMPLEX IMPEDANCE/
ADMITTANCE; and U.S. Pat. No. 6,051,976, issued Apr.
18, 2000, entitled METHOD AND APPARATUS FOR
AUDITING A BATTERY TEST.

Such electronic battery testers can typically be calibrated
in order to improve the accuracy of their battery test mea-
surements. The present invention provides a calibration
fixture which can be used to calibrate, or verify, the accuracy
of an electronic battery tester. The present invention pro-
vides a calibration fixture which simulates a storage battery.
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In one aspect, a parameter of the battery, such as internal
conductance, can be adjusted to provide a more versatile
calibration technique.

FIG. 1 is a simplified electrical schematic diagram 10
showing a storage battery 12 coupled to an electronic battery
tester 14 which utilizes Kelvin connections 16 and 18 to
couple to terminals of battery 12. In the simplified diagram
of FIG. 1, battery tester 14 includes a resistance 20 which is
selectively switched in series with battery 12 using switch
22 coupled in series with an A connection of Kelvin con-
nection 16 and a B connection of Kelvin connection 18. A
sensor 24 couples in series with battery 12 through a C
connection of Kelvin connection 16 and a D connection of
Kelvin connection 18. In this simple example, resistance 20
and switch 22 provide a forcing function. Sensor 24 is
configured to observe a response of battery 12 to the applied
forcing function. This can be used to determine dynamic
conductance, resistance, impedance, admittance, or their
combinations. As is now known in the art, this response can
be correlated to various parameters of battery 12 for use in
testing battery 12. However, the accuracy of such measure-
ments is dependent upon, for example, the accuracy of
sensor 24.

FIG. 2 is a diagram of a prior art calibration fixture 40 for
use in calibrating an electronic battery tester of the type
which utilizes Kelvin connections to couple to a battery.
Calibration fixture 40 includes a power supply 42 and a
shunt resistance 44. Power supply 42 and shunt resistance 44
are intended to simulate a storage battery such as storage
battery 12 shown in FIG. 1. Calibration fixture 40 includes
Kelvin connections 46 and 48. Kelvin connection 46
includes an A' and C' connections configured to couple to the
A and C connections, respectively, of an electronic battery
tester such as those illustrated in FIG. 1. Similarly, Kelvin
connection 48 includes B' and D' connections configured to
couple to the B and D connections of an electronic battery
tester.

In the calibration fixture 40 of FIG. 2, the C' and D'
connections couple directly across shunt 44. Shunt 44
should have an accurately known resistance value. Power
supply 42 is connected in series with shunt 44. This series
combination is coupled between the A' and B' connections.
Note that in some electronic battery testers, the battery tester
is powered by the battery under test. In such embodiments,
power supply 42 is used to power the battery tester being
calibrated through the A' and B' connections.

The calibration fixture 40 of FIG. 2 has a number of
drawbacks. For example, only a single shunt 44 having a
fixed value can be used. If multiple shunts are used which
can be selectively switched into the appropriate electrical
configuration, the switching circuitry tends to introduce
additional resistances which can lead to inaccuracies in the
calibration.

FIG. 2 also illustrates that the potential of the C' connec-
tion is approximately the same as the potential at the D'
connection. In contrast, referring to FIG. 1, with an actual
battery 12, the potential of the C connection is different from
the D connection by the battery voltage. Further, with an
actual battery 12 the A and the C connections are at the same
potential. In contrast, with the calibration fixture 40 the A’
and the C' connections have a potential difference due to
power supply 42. Because the test fixture 40 configuration is
different than when testing an actual battery 12, the battery
tester must enter a special calibration measurement mode.
Additionally, the calibration fixture 40 does not allow the
battery tester to measure an actual potential for the C
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configuration during a conductance (or resistance) measure-
ment. This means that only the conductance can be mea-
sured without measuring the voltage. However, typical test-
ing algorithms use both conductance and voltage in
performing a battery test. Therefore, the calibration fixture
40 is not capable of calibrating a complete battery test.

FIG. 3 is an electrical schematic diagram of an electronic
battery tester calibration fixture 60 in accordance with one
embodiment of the invention. Calibration fixture 60 includes
a power supply 62 connected in series with a shunt 64
between an A' connection of a first Kelvin connection 66 and
a B' prime connection of a second Kelvin connection 68. An
instrumentation amplifier 70 such as an 1INA128 has invert-
ing and noninverting inputs connected to shunt 64. Amplifier
70 connects to plus and minus 15 volt supplies and a gain
control resistance R is also connected to amplifier 70. In
general, the output from such an amplifier is related to the
gain of the amplifier times the voltage differential of the
input. The output is also offset by a voltage related to the
voltage at the REF input. A reference level input is received
from a differential amplifier 72. The gain of amplifier 70 is
equal to 1+(50KQ/R). The output of amplifier 70 is provided
to the C' connection of Kelvin connection 66. The nonin-
verting input of differential amplifier 72 is tied to the A’
connection through a 1ME resistance. Differential amplifier
72 is connected with negative feedback and with plus and
minus 15 volt supplies. The noninverting input of amplifier
72 is also coupled to the E' connection of Kelvin connection
68 through a 1 uF capacitance connected in series with a 10
uF capacitance, 76 and 78, respectively. This provides a
large time constant relative to a forcing function of the
battery tester. In this example, the circuit has a time constant
of 10 seconds whereas typical forcing functions have AC
components of 100 Hz.

With the calibration fixture 60 of FIG. 3, the C' potential
is substantially the same as an A' potential due to the
feedback provided by differential amplifier 72 to instrumen-
tation amplifier 70. Thus, the battery tester does not need to
be placed in a special calibration mode in order to function
with calibrator 60. The voltage potential between the A' and
the B' connections can be adjusted by controlling the DC
power supply 62 to provide calibration over a range of
different voltages. This can also be used to test operation of
the battery tester when connected to a battery having a low
voltage to ensure that a battery tester that operates using that
voltage is capable of functioning correctly.

In contrast to the prior art shunt 44, the apparent conduc-
tance between the C' and D' connections is determined as a
function of R coupled to amplifier 70. Specifically, the
apparent conductance is equal to the conductance of shunt
64 divided by the gain of amplifier 70. Thus, a battery tester
can be easily tested over a range of conductances without
having to be coupled to different test fixtures. The value of
R can be selected through a manual or a servoed potenti-
ometer through a series of manual or automatic, through a
multiplying analog to digital converter, etc. The automatic
techniques can be used to allow a microprocessor to control
the value of the apparent conductance.

FIG. 4 is a simplified schematic diagram showing a
calibration fixture 88 in accordance with another example
embodiment. Calibration fixture 88 includes circuitry 60
similar to that shown in FIG. 3. However, circuitry 70 is
configured to operate under the control of a controller 90
which is capable of adjusting the apparent conductance, by
controlling resistor R, and adjusting the power provided by
DC power supply 62. In one embodiment, controller 90 is
configured to communicate with a battery tester 92 having
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Kelvin connections 94 and 96. Battery tester 92 also has an
output 98 and an input 100 for receiving or outputting
information.

In the embodiment of FIG. 4, an automated calibration
process can be provided. For example, controller 90 can
communicate with battery tester 92 to provide calibration
data to be stored in battery tester 92 to eliminate inaccuracies
in subsequent battery tests. The testing can be repeated until
the error is within an acceptable range.

Controller 90 can also be used to provide a “ready to test”
output such as output 102 or such an output can be provided
to battery tester 92. Capacitors 76 and 78 along with the 1
MQ resistance provide a relatively long time constant com-
pared with the forcing function frequency of a typical
battery tester 92. Calibration fixture 88 can be used when the
voltage difference between the A' and the C' connections are
at a sufficiently low level, for example, 10 mV, or below the
resolution of the battery tester 92. For example, a compara-
tor 104 coupled to the A' and C' connections can provide an
output to controller at a desired threshold. A comparison of
the A'-B' and C'-D' voltages can also be used. In one aspect
of the invention, the calibration fixture provides a more
complex model of the battery under test. For example, the
circuits of FIGS. 2, 3 and 4 provide a simple resistive model
for the battery. However, capacitors and inductors can be
provided along with active circuitry as necessary and addi-
tional resistances to model any battery configuration or
transfer function representative of a battery.

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 apparatus for calibrating an electronic battery tester,
the battery tester of the type having first and second battery
tester Kelvin connections configured to couple to terminals
of a battery, the apparatus comprising:

a first Kelvin connection having an A' terminal and a C'
terminal configured to couple to the first battery tester
Kelvin connection;

a second Kelvin connection having a B' terminal and a D'
terminal configured to couple to the second battery
tester Kelvin connection;

a calibrated shunt in series with a power supply connected
between the A' terminal of the first Kelvin connection
and the B' terminal of the second Kelvin connection,
the calibrated shunt having a calibrated resistance
value; and

an active shunt in series connected between the C' termi-
nal of the first Kelvin connection and the D' terminal of
the second Kelvin connection, the active shunt provid-
ing a calibrated apparent resistance between the C' and
D' terminals which is a function of the calibrated
resistance value of the calibrated shunt.

2. The apparatus of claim 1 wherein the active shunt
comprises a differential amplifier having differential inputs
connected across the calibrated shunt.

3. The apparatus of claim 2 wherein an output of the
differential amplifier is offset by a reference voltage.

4. The apparatus of claim 3 wherein the reference voltage
is related to a voltage at the D' terminal.

5. The apparatus of claim 1 wherein the calibrated appar-
ent resistance is a function of an adjustment to the active
shunt.

6. The apparatus of claim 1 wherein the active shunt
comprises a differential amplifier and the calibrated apparent
resistance is a function of a gain of the differential amplifier.
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7. The apparatus of claim 6 wherein the active shunt
includes a resistance and the gain of the differential amplifier
is a function of the resistance.

8. The apparatus of claim 7 wherein the resistance is an
adjustable resistance.

9. The apparatus of claim 1 wherein a transfer function
between the C' and D' terminals is frequency dependent.

10. The apparatus of claim 1 including a controller
configured to control operation of the active shunt.

11. The apparatus of claim 1 wherein the controller is
configured to communicate with the electronic battery tester.

12. The apparatus of claim 1 wherein the power supply is
configured to provide a power supply voltage between the A'
and B' terminals to power the electronic battery tester.

13. The apparatus of claim 1 wherein the active shunt
receives a feedback signal from the A' and D' terminals.

14. The apparatus of claim 13 wherein the feedback signal
has a relatively long time constant in comparison to an AC
component of a forcing function of the electronic battery
tester.

15. The apparatus of claim 13 wherein the feedback signal
is provided to the active shunt through a battery amplifier.

16. The apparatus of claim 11 wherein the controller
provides calibration related information to the electronic
battery tester.
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17. A method of calibrating an electronic tester, the
battery tester of the type having first and second battery
tester Kelvin connections configured to couple to terminals
of a battery, the method comprising:

connecting a first Kelvin connection having an A' terminal
and a C' terminal to the first battery tester Kelvin
connection;

connecting a second Kelvin connection having a B' ter-
minal and a D terminal to the second battery tester
Kelvin connection;
providing a calibrated apparent resistance between the C'
and D' terminals which is a function of a calibrated
shunt coupled in series with a power supply between
the A' and B' terminals.
18. The method of claim 17 including communicating
calibration information to the electronic battery test.
19. The method of claim 17 including adjusting the
calibrated apparent resistance.
20. The method of claim 19 wherein adjusting the cali-
brated apparent resistance comprises adjusting a gain of a
differential amplifier.
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