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(57) Abstract

An apparatus (10) for electronically testing or monitoring the condition of a storage battery (12) is provided. The apparatus (10)
includes an inductance cancellation circuit (20) for use with a Kelvin probe (16A, B, 18A, B) of the electronic battery tester (10). The
induction cancellation circuit (20) reduces inductive coupling between lead of the Kelvin probe (16A, B, 18A, B). The apparatus (10) also
includes a DC coupled AC amplifier (24) for amplifying an AC response signal of the electronic battery tester (10). Other aspects include
a critically damped band-pass filter (28), a DC to DC convertor isolation circuit (48), operator editable test criteria, a battery temperature
sensing element (25), an automatically adjustable gain stage (32) and the use of an internal reference standard (21) for a self calibration.
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ELECTRONIC BATTERY TESTER
BACKGROUND OF THE INVENTION

The present invention relates to testing of
storage batteries. More specifically, the present
invention relates to electronic battery testers used to
test storage batteries.

Storage batteries, such as lead acid storage
batteries of the type used in the automotive or power
standby industries, have existed for many vyears.
However, understanding the mnature 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 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
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battery is discharged using a known 1load. 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, 1Illinois for testing storage batteries by
measuring the conductance of the batteries. Aspects of
this technique are described in a number of United

States patents, for example, U.S. Patent No. 3,873,911,

“igssued March 25, 1975, to Champlin, entitled ELECTRONIC

BATTERY TESTING DEVICE; U.S. Patent No. 3,909,708,
issued September 30, 1975, to Champlin, entiﬁled
ELECTRONIC BATTERY TESTING DEVICE; U.S. Patent No.
4,816,768, issued March 28, 1989, to Champlin, entitled
ELECTRONIC BATTERY TESTING DEVICE; U.S. Patent No.
4,825,170, issued April 25, 1989, to Champlin, entitled
ELECTRONIC BATTERY TESTING DEVICE WITH AUTOMATIC VOLTAGE
SCALING; U.S. Patent No. 4,881,038, issued November 14,
1989, to Champlin, entitled ELECTRONIC BATTERY TESTING
DEVICE WITH AUTOMATIC VOLTAGE SCALING TO DETERMINE
DYNAMIC CONDUCTANCE; U.S. Patent No. 4,912,416, issued
March 27, 1990, to Champlin, entitled ELECTRONIC BATTERY
TESTING DEVICE WITH STATE—OF—CHARGE COMPENSATION; U.S.
Patent No. 5,140,269, issued August 18, 1992, to

"Champlin, entitled ELECTRONIC TESTER FOR ASSESSING

BATTERY/CELL CAPACITY; U.S. Patent No. 5,343,380, issued
August 30, 1994, entitled METHOD AND APPARATUS FOR
SUPPRESSING TIME VARYING SIGNALS IN BATTERIES UNDERGOING
CHARGING OR DISCHARGING; U.S. Patent No. 5,572,136,
issued November 5, 1996, entitled ELECTRONIC BATTERY
TESTER WITH AUTOMATIC COMPENSATION FOR LOW STATE-OF-
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CHARGE; U.S. Patent No. 5,574,355, issued November 12,
1996, entitled METHOD AND APPARATUS FOR DETECTION AND
CONTROL OF THERMAL RUNAWAY IN A BATTERY UNDER CHARGE;
U.S. Patent No. 5,585,728, issued December 17, 1996,
entitled ELECTRONIC BATTERY TESTER WITH AUTOMATIC

COMPENSATION FOR LOW STATE-OF-CHARGE; U.S. Patent No.

5,592,093, issued January 7, 1997, entitled ELECTRONIC
BATTERY TESTING DEVICE LOOSE TERMINAL CONNECTION
DETECTION VIA A COMPARISON CIRCUIT; U.S. Patent No.
5,598,098, issued January 28, 1997, entitled ELECTRONIC
BATTERY TESTER WITH VERY HIGH NOISE IMMUNITY; U.S.
Patent No. 5,757,192, issued May 26, 1998, entitled
METHOD AND APPARATUS FOR DETECTING A BAD CELL IN A
STORAGE BATTERY; U.S. Patent No. 5,821,756, issued
October 13, 1998, entitled ELECTRONIC BATTERY TESTER
WITH TAILORED COMPENSATION FOR LOW STATE-OF-CHARGE; and
U.S. Patent No. 5,831,435, issued November 3, 1998,
entitled BATTERY TESTER FOR JIS STANDARD.
SUMMARY OF THE INVENTION

The present invention includes apparatuses and

methods for electronically testing or monitoring the
condition of a storage battery. One aspect of the
invention includes an inductance cancellation circuit
for use in a Kelvin probe of an electronic battery
tester. The induction cancellation circuit reduces
inductive coupling between leads of the Kelvin probe.
Another aspect of the invention includes a DC coupled AC
amplifier for amplifying an AC response signal of an
electronic battery tester. Other aspects include a
critically damped band-pass filter, a DC to DC convertor
isolation circuit, operator editable test criteria, a
battery temperature sensing element, an automatically
adjustable gain stage and the use of an internal

reference standard for a self calibration.
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BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a simplified block diagram showing
a battery test device in accordance with aspects of the
present invention.

Figure 2 1is a schematic diagram showing an
inductance canceling circuit for use with Kelvin probes
in accordance with the invention.

Figure 3 is a simplified schematic diagram of
a DC coupled AC amplifier of Figure 1.

Figure 4A is a simplified schematic diagram of
one stage of a critically damped filter of Figure 1.

Figure 4B 1is a graph of amplitude versus
frequency showing the signal response of the filter of
Figure 4A. ’ )

Figure 5 is a simplified schematic diagram of
an adjustable gain amplifier of Figure 1.

Figure 6 is a simplified block diagram of a DC
to DC convertor in accordance with another aspect of the
invention.

Figure 7 is a simplified electrical schematic
diagram of a shut down circuit in accordance with
another aspect of the invention.

Figure 8 is a simplified electrical schematic
diagram showing a calibration circuit in accordance with
another aspect of the invention.

DETAILED DESCRIPTION QF THE PREFERRED EMBODIMENTS

There is an ongoing need for improved testing
of storage batteries. The present invention includes a
battery tester in which current is either injected into
or drawn from (i.e., a current sink) the battery. The
current is alternately engaged and disengaged at a
desired AC frequency. The invention provides a number
of advantages over the use of a large resistive load

including:

PCT/US99/07895
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. Immunity from contact resistance
variations.
° High compliance - the ability to test

batteries from 1 to 6 cells with a
single circuilt without possibility of
damaging the circuit.

° Fixed and/or predictable current
coupling effects in the sensing lead
wires used to couple to the battery.

° Given the function G (conductance) =
I/E, a substantially constant current
implies substantially constant I.
Therefore, only the value of E needs to
be measured and a simple inversion
results in a quantity directly
proportional to G.

° Reduced requirements for electrically
fusing the device.

Figure 1 is a simplified block diagram of a
battery test device 10 which is one embodiment of an
apparatus for monitoring the condition of a storage
battery 12 in accordance with aspects of the present

invention. Battery test device 10 couples to terminals

14A and 14B of battery 12 using a four point Kelvin

connection formed with cables 16A, 16B, 18A and 18B
through an inductance cancellation cable 20 and a self
calibration circuit 21. A switched current source 22
comprising a switch 22A and a current source 22B is
provided and is coupled in series with cables 18A and
18R. In one embodiment, switch 22A operates at between
about 5 Hz and about 500 Hz. Cables 16A and 16B are
connected to a high impedance DC coupled AC amplifier 24
in accordance with one aspect of the invention. DC

coupled AC amplifier provides an amplified output 26 to
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a critically damped filter 28 in accordance with another
~aspect of the invention which provides a filtered output
30 to an auto range amplifier 32 1in accordance with
another aspect. An output 34 from auto range amplifier
32 is provided to analog to digital convertor 36 which
in turn provides an output 38 to microprocessor 40.
Microprocessor is coupled to a display output 42 and a
keypad, keyboard or other use input 44. Optionally,
other types of inputs and outputs illustrated as I/0 46,
can be coupled to microprocessor 40. For example,
microprocessor 40 can couple to an external printer,
data communications device such as a modem, or an
external storage device. I/O 46 may be coupled using
physical cabling or through non-physical links such as
infrared, ultrasonic or radio frequency. Battery test
device 10 1is powered by DC to DC convertor 48 1in
accordance with another aspect of the present invention.

Figure 2 is a simplified schematic diagram of
inductance cancellation cable 20 which couples battery
12 to current source 22 and DC coupled AC amplifier 24
through a Kelvin connection. One problem with prior art
battery testers has been the mutual inductance due to
the Kelvin connections used to couple to the battery.
This has lead to the inductive coupling of the current
in the sense leads due to their proximity. However,
with the present invention a transformer coupling
arrangement, as shown in Figure 2, is provided which
effectively "nulls out" the undesirable cross coupling.
This allows the present invention to be used with
multiple, interchangeable cables, even on large capacity
batteries. Transformer 50 is connected with coils 52
‘and 54 1in series with Kelvin 1leads 16B and 18B,
respectively. Coils 52 and 54 are wound in opposite

directions on an iron core 56.
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In operation, the current in leads 18B and 18A
from current source 22 is inductively coupled into leads
16B and 16A. In prior art battery testers, this can be
a source of measurement errors. However, transformer 50
causes an opposed cancellation current to be coupled
into ieads 16B and 16A. The coupling between 52 and 54
can be controlled by adjusting the position of core 56.
Such "tuning" can be performed during manufacture.
Further, the cables 167, 16B, 18A and 18B can be
removably coupled to battery testing device 10 such that
'if the cables are damaged or are otherwise desired to be
replaced, a new cable pair can be attached. The new
cable pair includes its own transformer 50 and has been
"tuned" by adjusting core 56 during manufacture such
that the noise current is effectively nulled out. Note
that in less critical applications, a fixed transformer
can be used and the transformer coupling does not
require tuning. Further, the use of inductance
canceling cable 20 allows the cable to be of relatively
long lengths without suffering from excessive inductive
coupling between the cables. For example, the battery
testing circuitry can be a distance away from the
battery, such as held by an operator at a test stand or
while sitting inside an automobile, while performing a
battery test. Long or short cables or other cabling

‘configurations can be easily exchanged by simply
disconnecting a cable pair from the test device 10 and
reconnecting a desired pair. As the cable has been
previously tuned for appropriate cancellation, the
operator does not need to perform any further
adjustments in the field. The transformer shown in
Figure 2 is simply one implementation of this concept
and other techniques for introducing a cancellation

signal such as through active devices or other coupling
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techniques is considered within the scope of the present
invention.

Figure 3 is a simplified diagram of DC coupled
'AC amplifier 24 in accordance with another aspect of the
present invention. DC coupled AC amplifier 24 includes
differential amplifier 60 and differential amplifier 62.
In the embodiments shown, the non-inverting input of
amplifier 60 is connected to cable 16A shown in Figure
1 through a resistor 64 and the inverting input to
amplifier 60 couples to cable 16B through coil 52 as
illustrated in Figure 2 and further through resistor 66.
The output of amplifier 60 is connected to the inverting
input of amplifier 60 through resistor 68 to provide
negative feedback. Further, the output of amplifier 60
is coupled to the non-inverting input of amplifief 60
through integrator 70 and resistors 72 and 74. Invertor
70 is formed through differential amplifier 62 having
negative feedback from its output to its inverting input
through capacitor 76. The non-inverting input of
differential amplifier 62 1is coupled to electrical
ground 78. 1In one preferred embodiment, the DC coupled
AC amplifier 24 has a unity gain.

In the prior art, AC coupled amplifiers have
been used in battery testers. However, such amplifiers
induce common mode errors, as well as variability in
impedance due to changes in, for example, capacitors
used to couple to the sense signal. In addition, the
coupling capacitors must be relatively large to avoid
distortion in the input sense signal. Such capacitors
have the negative effect of reducing the settling time
necessary to obtain an accurate measurement. However,
AC coupling has been used in prior art battery testers
to évoid multiplying the DC voltage of the battery by

the corresponding high gain of the amplifier. The use



10

15

20

25

30

WO 99/56121

-9-

of a DC coupled AC amplifier overcomes these problems
and does not require large coupling capacitors.

In the particular embodiment shown, DC coupled
AC amplifier 24 receives a DC error signal 80
representative of the DC signal present on the output of
amplifier 60. The DC error signal 80 is generated by
integrator 70 which has a time constant determined by
capacitor 76 selected for the particular application
based upon the frequency of operation of switch 22A used
in switched current source 22. Thus, the output 26 of
DC coupled AC amplifier 24 1is a purely AC signal

generated in response to application of the switched

‘current source 22. The implementation illustrated in

Figure 3 is merely one example which shows the preferred
embodiment of a DC coupled amplifier in accordance with
the present invention. However, the present invention
includes any coupling technique for use in sensing an AC
signal from a battery under test which does not require
a large AC coupling capacitor to block the DC voltage
from the battery.

Figure 4A is a simplified diagram of one
second order filter stage 100 of critically damped
filter 28 shown in Figure 1. Figure 4B is a graph of
amplitude versus frequency illustrating the
characteristics of filter 28 in accordance with the
invention. - In a preferred embodiment, filter 28
comprises four such stages 100. Stage 100 includes a
differential amplifier 110 having negative feedback
through a resistor 102 and a capacitor 104. An input
signal is received through resistor 106 and capacitor
108 and coupled to the inverting input of amplifier 110.
The non-inverting input of amplifier 110 is coupled to

electrical ground 78 through resistor 112.

PCT/US99/07895
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Filter 100 forms a second order band-pass
filter and is used as a single stage of critically
damped filter 28 shown in Figure 1. Critically damped
filter 28 includes a total of four such stages connected
in series.

| Critically damped filter 28 provides a
.critically damped band-pass filter as illustrated in
Figure 4B. Figure 4B also illustrates an over damped
filter and an under damped filter. Preferably, filter
28 has a Q equal to 1 and a band-pass center frequency
(fo) configured to be the same as the frequency of
switch 22A shown 4in Figure 1. If the filter is
overdamped, the system will be slow to respond. If the
system is underdamped, the signal will "ring". This
allows substantially only components in the respénse
signal across battery 12 which are at the same frequency
as current source 22 to be passed to autorange amplifier
30. Note that additional filter stages beyond the
preferred eight may be used, however, this will lead to
increased manufacturing costs. In one preferred
embodiment, amplifier 28 has a total gain of 16. Any
type of filter can be implemented in accordance with
this aspect of the present invention. The particular
analog filter shown is simply one preferred embodiment .
Further, a filter can also be implemented digitally.

Figure 5 is a simplified diagram of auto range
(programmable gain or selectable gain) amplifier 32. In
the embodiment shown in Figure 5, amplifier 32 is a two
stage amplifier having a first stage 140 having
selectable gains of 1, 2, 4 and 8 and a second stage
amplifier 142 having selectable gains of 1, 10, 100 and
1000. Amplifier 140 is coupled to output 30 from
critically damped filter 28 through coupling capacitor

144. Amplifier 140 includes selectable gain amplifier
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146 and resistor 148. Amplifier 146 receives inputs A,
and A, which control the amplification provided by
amplifier 146. Amplifier stage 142 includes amplifier
150 having an input coupled to resistor 152 and to the
output of amplifier 146‘through coupling capacitor 154.
The gain of amplifier 150 is controlled by control
inputs A, and A,. Amplifiers 146 and 150 are coupled to
microprocessor 40 through control inputs A, through A,.
Microprocessor 40 controls the gain of amplifier 32 by
selectively changing inputs A, through A, according to
the following table:

A, A, A A, GAIN || A, A, A, A, GAIN
0 0 0 0 1 1 -jo0 0 0 100
0 0 0 1 2 1 0 0 1 200
0 0 1 0 4 1 0 1 0 400
0 0 1 1 8 1 0 1 1 800
0 1 0 0 10 1 1 0 0 1000
0 1 0 1 20 1 1 0 1 2000
0 1 1 0 40 1 1 1 0 4000
0 1 1 1 80 1 1 1 1 8000

TABLE 1
In operation, amplifier 32 provides a
programmable gain of between 1 and 8000. Under the

control of microprocessor 40, the gain of amplifier 32
can be adjusted such that battery test device 10 is
capable of testing batteries having a wide range of
regsistances or conductance (i.e., between 10 mhos and
10,000 mhos). Microprocessor 40 increases the gain of
amplifier 32 by controlling inputs A, through A; until
a maximum signal through analog to digital convertor 36

is received. This adjustment is performed automatically
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and does not require intervention from an operator.
This improves the ease of use of device 10 and reduces
the 1likelihood of an incorrect measurement due to
operator error. The adjustable gain amplifier 32 shown
in Figure 5 is simply one preferred embodiment of an
adjustable amplifier and the present invention includes
any amplifier configuration. Further, the amplifier can

be placed anywhere in the signal path and does need to

“be located between a critically damped filter such as

filter 28 and an analog to digital convertor 36.
Figure 6 is a simplified schematic diagram of
DC to DC convertor circuitry 48 in accordance with
another aspect of the present invention. Circuitry 48
includes a switching type DC to DC convertor 170 which
includes positive and negative inputs, positive and
negative outputs and a synchronization input. Figure 6
also shows voltages Ve, V', +Vg and -Vgg. Vee 1is
typically supplied by either an internal voltage source
such as an internal battery or is derived from the
battery under test 12 if battery 12 is sufficiently
large. Vee 1s coupled to the positive input of
convertor 170 and to V', through resistor 172.

Capacitor 174 couples Vg to ground 78 and capacitor 176

-couples V' to ground 78. The combination of resistor

172 and capacitor 174 and the combination of resistor
172 and capacitor 176 provide filters to signal noise on
Ve and V'.. In one embodiment of the invention, Vg is
used to drive very low noise circuitry such as amplifier
24, filter 28, amplifier 32, etc. However, V' is used
to power circuitry which may create noise and is itself
less susceptible to noise such as microprocessor 40 and
other digital and logic circuitry. Further, the
voltages +Vg and -V are used to power some analog

components which require multiple supply voltages such

PCT/US99/07895
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as plus and minus 15 volts. Inductors 178 and 180 block

noise from convertor 170 from supply voltages +Vg and

-Vgs. In one embodiment, convertor 170 is a switching
convertor with a frequency of about 400 KHz and the
microprocessor 40 operates at about 4 MHz. The noise
isolation provided in the embodiment of Figure 6 reduces
noise in critical components of battery test device 10
and thereby improves measurement accuracy.

Convertor 170 also includes a power reduction
technique in which the synchronous in (SYNCIN) signal is
provided by microprocessor 40. In some instances,
analog test circuitry is not required for operation.
During these time periods, microprocessor 40 can control
the SYNCIN to convertor 170 such that convertor 170 is
turned off and supply voltages +Vg, and -Vg are not
generated. This provides reduced power requirements.

Another aspect of the present invention
includes improved internal (power supply) battery
lifetime. The invention can be used to test batteries
with an open circuit voltage as low as 1.75 volts by
using internal battery. (If battery 12 is large enough,
device 10 can be powered by battery 12). However,
rather than requiring an expensive rechargeable battery
pack, a simple replaceable battery such as a disposable
9 volt battery can be used. This is possible even
though such a battery provides a relatively low capacity
source of power because the present invention includes
a number of circuits requiring reduced power to thereby
improve battery life. These circuits include a bipolar
analog power shutdown circuit 200 (Figure 7), a high

speed top-down auto-ranging circuit to minimize test

time, and an automatic power down circuit for supply 48

(explained above) .

PCT/US99/07895
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In one embodiment, the amplifier 32 auto
ranges over a range of 1 to 8000. When engaged,

amplifier 32 consumes 10 times the internal battery
power 1in comparison to when the amplifier is not
engaged. Therefore, it is advantageous to limit the
time the amplifier is on. Conductance decreases with
increasing cell count due to series resistance stack-up.
As a result, lower conductance measurements require less
gain than higher conductance measurements.

Typically, the cell count of battery 12 will

-be known by microprocessor 40 because it has been input

by an operator. Microprocessor 40 can then control the
initial gain of amplifier 32 required for measurement.
From the initial gain, the microprocessor can adjust the
gain of amplifier 32 either up or down to obtain the
appropriate gain for a particular battery configuration.
This greatly reduces the amount of time required to
obtain a measurement and therefore reduces power
consumption. In one embodiment, the initial gain of

amplifier stage 32 is as follows:

NUMBER OF CELLS INTTIAL GAIN

8000
4000
4000
2000
1000

800

Shutdown circuit 200 is illustrated in Figure

aumld W R

7 and can be used to cut off all power to analog
circuitry in device 10. Circuit 200 includes internal
battery 202, transistors 204 and 206, diode 208 and
biasing resistors 210, 212, 214 and 216. When device 10
is coupled to battery 12, transistor 204 turns on which
in turn activates transistor 206 such that a voltage Vg,
from internal battery 202 is provided at an output of

circuit 200. V,, 1s then used to power analog

PCT/US99/07895
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components in device 10. However, upon removal of
battery 12, transistor 206 will turn off thereby
terminating supply voltage V. Further, during
operation, microprocessor 40 can seleétively terminate
supply voltage V., by providing a signal through diode
208 to turn transistor 206 off. Thus, one aspect of the
present invention includes disconnecting those
components which are not in use from the internal power
supply generating from the internal battery 202 of
device 10. The various techniques for implementing this
aspect of the invention are simply one preferred
embodiment . Those skilled in the art will recognize
that other techniques may be used to terminate power to
various components or otherwise turn various components
off.

Another aspect of the present invention is a
self calibration feature using calibration circuitry 21
shown in a simplified electrical schematic diagram in

Figure 8. Circuitry 21 includes a manganin shunt

.conductance standard 240. Shunt 240 can be calibrated

against a standard traceable to NIST. Switches 240, 242
and 244 are coupled to microprocessor 40 and are adapted
to selectively switch shunt 240 in series with amplifier
24 . Microprocessors can then measure the conductance of
Shunts 240 using amplifier 24, filter 28, amplifier 32
and analog to digital convertor 36 and compare the
measured reading with the calibrated standard stored in
a memory 40A in microprocessor 40. The difference
between the measured value and calibrated value can be
used to introduce a correction factor and subsequent
measurements to thereby maintain calibration of tester
10. The calibration can occur automatically when tester

10 is initially coupled to battery 12 or can be

initiated by a user through keyboard 44.
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In yet another aspect of the invention, memory
48 of microprocessor 40 contains various predefined
reference standards. The appropriate reference standard
for a particular battery 12 is selected by an operator
through input 44. Further, an operator can recall the
standard stored in memory 40A and view them through
display 42. If a standard has been changed or otherwise
it wished to modify to a standard, the operator can
change the standards using input 44. The standard
stored in memory 40A can also be printed out, for
example, using input/output port 46.

Automatic temperature compensation is another
- feature of the present invention. A temperature sensor
250 shown in Figure 1 can provide a temperature input to
microprocessor 40. For example, sensor 250 can comprise
a thermal couple, thermistor or an infrared temperature
sensor directed toward battery 12. An analog to digital
convertor (not shown) provides a digital representation
of temperature 250 to microprocessor 40. Based upon the
measured temperature, microprocessor 40 can modify the
test results based upon information stored in memory 40A
to thereby compensate for temperature variations.

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. The various
- functional blocks illustrated in Figure 1 can be
implemented using any appropriate technique and are not
limited to those disclosed herein. Further, the various
aspects of the invention can be implemented in any
particular order and are not limited to the order shown
in Figure 1. The functional blocks can be implemented

in either analog or digital circuitry or their hybrid.
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Furthermore, current source 22B can be selectively
switched in using switch 22A. The invention also
includes application of a voltage and measuring the
resultant current response. The invention can be used
with conductance, admittance, impedance or resistance
-based'battery test circuitry. Further, some aspects of
the invention may be used with any type of battery
tester including load testers, simple voltage testers,
testers that require the battery to be placed through a

number of conditioning steps, etc.
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WHAT IS CLATIMED IS:
1. An apparatus for monitoring the condition of
a storage battery, comprising:
battery test circuitry adapted to couple to
the storage battery through a first
Kelvin connection and second Kelvin
connection;
first and second electrical leads coupled to
a first terminal of the battery test
circuitry and adapted to provide the
first Kelvin connection to the battery;
third and fourth electrical leads coupled to
a second terminal of the battery test
circuitry and adapted to provide the
second Kelvin connection to the battery;
and
induction cancellation circuitry coupling the
first electrical 1lead to the second
electrical lead.
2. The apparatus of claim 1 wherein the induction
cancellation circuitry provides an opposition current in
the second electrical lead as a function of a current in
the first electrical lead.
3. The apparatus of claim 2 wherein the current
in the first electrical 1lead comprises an applied
current and the second electrical lead provides a
voltage sense connection to the battery test circuitry.
4. The apparatus of claim 3 wherein the first
electrical lead carries an electrical signal having a
frequency between about 5 Hz and about 500 Hz.
5. The apparatus of claim 1 wherein the induction
cancellation comprises a transformer.
6. The apparatus of claim 5 wherein a first coil

of the transformer is connected in series with the first
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electrical lead and a second coil of the transformer is
connected in series with the second electrical lead.
7. The apparatus of claim 6 wherein the first and
second coils are configured with opposed polarities.
8. The apparatus of claim 1 wherein the
cancellation circuitry comprises means for providing an
opposition current in the second electrical lead as a
function of a current in the first electrical lead.

9. The apparatus of claim 1 wherein a first sense
current in the first electrical lead is substantially
carried in the third electrical lead as a second sense
current and the induction cancellation circuit couples
the second sense current to the second electrical lead.
10. The apparatus of claim 1 wherein the first
electrical lead extends adjacent the second electrical
lead.

11. The apparatus of claim 1 wherein the first,
second, third and fourth electrical leads are removably
coupled to the battery test circuitry and the inductance
cancellation circuitry 1is carried in a housing which
carries the first, second, third and fourth electrical
leads whereby the induction cancellation circuitry can
‘be adjusted during manufacture for a particular lead
configuration.

12. The apparatus of claim 1 wherein the first,
second, third and fourth electrical leads are of
sufficient length whereby the battery test circuitry can
be placed inside the vehicle and the electrical leads
will reach a battery carried in an engine compartment of
the vehicle.

13. A method of reducing an inductively coupled
current in a Kelvin probe of an electronic battery

tester, comprising:
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coupling to a sense current carried on a
first electrical lead of the Kelvin
probe; and

supplying an opposed current in a second
electrical lead of the Kelvin probe in
response to the sense current, the
opposed current flowing in opposition to
an inductively coupled current in the
second electrical lead.

14. The method of claim 13 wherein the step of
coupling comprises directing the sense current through
a first coil of a transformer and the step of supplying
comprises connecting a second coil of the transformer in
series with the second electrical lead. .
15. The method of claim 14 including adjusting the
“response of the opposed current to the sense current to
substantially cancel the inductively coupled current.
16. The method of claim 15 wherein the step of
adjusting comprises adjusting the coupling between the
first and second coils of the transformer.

17. An apparatus for monitoring the condition of
a storage battery, comprising:

an AC test signal source adapted to couple to
terminals of the battery and inject an
AC test signal therethrough;

test circuitry adapted to provide battery
condition information in response to a
‘battery response signal; and

a DC coupled AC amplifier adapted to couple
to the terminals of the battery and
provide the battery response signal to
the test circuitry as a function of an
AC response signal arising in response
to the AC test signal between the
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battery terminals, the battery response
signal substantially independent of DC
battery voltage.
18. The apparatus of claim 17 wherein the
differential amplifier includes a DC error signal
feedback path between an output of the amplifier and an
input of the amplifier.
19. The apparatus of claim 18 wherein the input
comprises a non-inverting input of the amplifier.
20. The apparatus of claim 19 including an
inverting amplifier in the feedback path.
21. The apparatus of c¢laim 18 including an
integrating circuit in the feedback path.
22. The apparatus of claim 17 including a
critically damped band-pass filter coupling an output of
the differential amplifier to the test circuitry.
23. The apparatus of claim 22 wherein the band-
pass filter 1is adapted to pass frequencies in a
frequency range proximate a frequency of the AC test
signal.
24 . The apparatus of claim 22 wherein the band-
pass filter comprises an 8th order filter.
25. The apparatus of claim 17 including a power
supply comprising a DC to DC convertor to provide power
to analog circuitry.
26. The apparatus of claim 17 wherein the test
circuitry includes a memory containing battery test
criteria and the battery test criteria can be edited by
an operator.
27. The apparatus of claim 17 including a
temperature sensing element and the test circuitry
performing compensation as a function of the temperature

to detect battery temperature.
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28. The apparatus of claim 27 wherein the
temperature sensing element is directed toward a post of
.the battery.

29. The apparatus of claim 17 including an
adjustable gain stage adapted to amplify the AC response
signal.

30. The apparatus of claim 29 wherein

amplification of the adjustable gain stage is controlled
as a function of conductance of the storage battery.
31. The apparatus of claim 17 including an
automatic shutdown circuit to reduce power consumption
of the test circuitry.
32. The apparatus of claim 17 including a
reference standard and wherein the test circuitry
performs a self calibration by selectively applying the
AC test signal to the calibrated standard and monitoring
a response signal.
.33. The apparatus of claim 25 including filtering
circuitry to reduce noise coupling into noise sensitive
components of the apparatus of the test circuitry.
34. An apparatus for monitoring the condition of
a storage battery, comprising:
an AC test signal source adapted to couple to
terminals of the battery and inject an
AC test signal therethrough;
test circuitry adapted to provide battery
condition information in response to a
battery response signal; and
a critically damped band-pass filter adapted
to couple to the terminals of the
battery and provide the battery response
signal to the test «circuitry as a
function of an AC response signal

arising in response to the AC test



WO 99/56121 PCT/US99/07895

~-23-

signal Dbetween the battery terminals,
the battery response signal
substantially independent of DC battery
voltage.
35. . The apparatus of claim 34 wherein the
critically damped band-pass filter is adapted to pass
frequencies in a frequency range proximate a frequency
of the AC test signal.
36. The apparatus of claim 34 wherein the
critically damped band-pass filter comprises an 8th
order filter.
- 37. The apparatus of claim 34 including a
temperature sensing element and the test circuitry
performing compensation as a function of the temperature
to detect battery temperature.
38. The apparatus of claim 37 wherein the
temperature sensing element is directed toward a post of
the battery.
39. An apparatus for monitoring the condition of
a storage battery, comprising:
an AC test signal source adapted to couple to
terminals of the battery and inject an
AC test signal therethrough;
test circuitry adapted to provide battery
condition information in response to a
battery response signal; and
an adjustable gain stage adapted to couple to
the terminals of the battery and provide
the battery response signal to the test
circuitry as a function of an AC
response signal arising in response to
the AC test signal between the battery
terminals, the adjustable gain stage

having a gain input and wherein the
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amplification gain of the adjustable
gain stage is a function of the gain
input.
40. The apparatus of claim 39 wherein .
amplification gain of the adjustable gain stage is
‘controlled as a function of conductance of the storage
battery.
41. The apparatus of c¢laim 40 including a
ﬁicroprocessor to automatically control the gain of the
adjustable gain stage.
42. The apparatus of claim 39 including an
automatic shutdown circuit to reduce power consumption
of the test circuitry.
43. An apparatus for monitoring the condition of
a storage battery, comprising: '
an AC test signal source adapted to couple to
terminals of the battery and inject an
AC test signal therethrough;
test circuitry adapted to provide battery
condition information in response to a
battery response signal; and
a calibrated standard and wherein the test
circuitry performs a self calibration by
selectively applying the AC test signal
to the calibrated standard and
monitoring the battery response signal.
44. The apparatus of claim 43 including a
microprocessor adapted to selectively couple the
calibrated standard to the test circuitry.
45. The apparatus of claim 44 wherein the
microprocessor corrects subsequent measurements based
upon the self calibration.
46. The apparatus of claim 45 including a memory

containing information related to an actual value of the
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calibrated standard and wherein the microprocessor
corrects subsequent measurements based upon a comparison
of a measured value of the calibrated standard to the
actual value of the calibrated standard.
47. ‘ A method performed in an electronic battery
tester comprising:
coupling a calibrated standard to Kelvin
connections of the battery tester;
applying an AC test signal to the reference
standard through the Kelvin connections;
sensing a response signal from the calibrated
standard through the Kelvin connections
in response to the applied AC test
signal; and ' '
correcting subsequent battery test based upon
the sensed response signal.
48. The method of claim 24 wherein the step of
correcting includes retrieving a stored actual value of
the calibrated reference and comparing the actual value

with a measured value of the calibrated reference.
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