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IN THE UNITED STATES DISTRICT COURT i E D
FOR THE NORTHERN DISTRICT OF ILLINOIS JUn 0
EASTERN DIVISION 00 »
M’CHA l. O
MIDTRONICS, INC ) R,y g or D0gey,
8 . 3?{;3 v3
) COupy
Plaintiff, )
) No. 04 C 2865
Vs, ) Judge Zagel / Magistrate Judge Ashman
)
ACTRON MANUFACTURING ) JURY DEMANDED
COMPANY, INC,, )
)
Defendant. )

m@m@g

JUN 19 295,
AMENDED COMPLAINT FOR PATENT INFRINGEMENT

Midtronics, Inc., plaintiff herein, by its attorneys, for its complaint against Actron

Manufacturing Company, Inc., states as follows:

The Parties

1. Plaintiff Midtronics, Inc. (“Midtronics™) is a corporation of the State of Illinois
and has its principal place of business in Willowbrook, Illinois.

2. Defendant Actron Manufacturing Company (“Actron”) is a corporation of the
State of Ohio having its principal offices in Cleveland, Ohio. Actron does business in this

judicial district directly or through established distribution channels.

Jurisdiction and Venue

3. This is an action for patent infringement that arises under the patent laws of the
United States, Title 35 U.S.C. § 1 et seq. This Court has subject matter jurisdiction under 28
U.S.C. §§ 1331 and 1338(a).

4. Venue is proper in this district under 28 U.S.C. §§ 1391(c) and 1400(b).
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-
The Patents in Suit
5. On April 18, 2000, United States Patent No. 6,051,976 (“the ‘976 Patent™) was
duly and legally issued to Kevin I. Bertness. The ‘976 Patent is entitled “METHOD AND
APPARATUS FOR AUDITING A BATTERY TEST.” A copy of the ‘976 Patent 1s attached
hereto as Exhibit A.

6. The ‘976 Patent 1s assigned to plaintiff Midtronics.

7. On October 13, 1998, United States Patent No. 5,821,756 (“the 756 Patent™) was
duly and legally issued to Stephen J. McShane et al. The ‘756 Patent is entitled “ELECTRONIC
BATTERY TESTER WITH TAILORED COMPENSATION FOR LOW STATE OF

CHARGE.” A copy of the ‘756 Patent is attached hereto as Exhibit B.

8. The ‘756 Patent is assigned to plaintiff Midtronics.

COUNT 1

9. Midtronics restates and realleges the allegations in paragraphs 1-8 and
mcorporates them by reference.

10. Actron has manufactured, used, offered for sale or sold, in the United States,
electronic battery testing devices, including Actron’s KM8680 product or other products utilizing
similar technology, that infringe, either literally or under the doctrine of cquivalents, one or
more claims of the ‘976 Patent, either directly, contributorily, by inducement or otherwise, in
violation of 35 U.S.C. § 271.

11.  Actron has had notice of the “976 Patent prior to the filing of this Complaint.
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12.  The infringement of the ‘976 Patent by Actron has injured and damages
Midtronics. The injury to Midtronics is irreparable and will continue unless and until Actron 1s

enjoined from further infringement.

COUNT I

13.  Midtronics restates and realleges the allegations in paragraphs 1-8 and
incorporates them by reference.

14. Actron has manufactured, used, offered for sale or sold, in the United States,
electronic battery testing devices, including Actron’s KM8680 product or other products utilizing
similar technology, that infringe, either literally or under the doctrine of equivalents, one or
more claims of the <756 Patent, either directly, contributorily, by inducement or otherwise, n
violation of 35 U.8.C. § 271.

15.  Actron has had notice of the ‘756 Patent prior to the filing of this Complaint.

16.  The infringement of the ‘756 Patent by Actron has injured and damages
Midtronics. The injury to Midtronics is irreparable and will continue unless and until Actron is
enjoined from further infringement.

JURY DEMAND

17. Midtronics demands a trial by jury on all issues so triable in this Complaint.

PRAYER FOR RELIEF

WHEREFORE, Midtronics prays for judgment as follows:
Al That United States Patent No. 6,051,976 be judged valid, enforceable, and

infringed by Actron and that defendant’s infringement is judged to be willful;
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B. That United States Patent No. 5,821,756 be judged valid, enforceable, and
infringed by Actron and that defendant’s infringement is judged to be wiliful;

C. That Actron be ordered to account and pay to Midtronics the damages to which
Midtronics is entitled as a consequence of the infringement;

D. That such damages be trebled for the willful, deliberate and intentional
infringement of the ‘976 and ‘756 Patents, as alleged herein;

E. That plamntiff Midtronics be awarded prejudgment interest and its costs,
disbursements, and attorneys’ fees here in accordance with Title 35 U.S.C. § 285;

F. That the Court permanently enjoin Actron, its subsidiaries, parent, divisions,
agents, servants, and employees, and all persons or entities acting in concert with Actron, from
making, using, selling, importing, offering for sale, or distributing the KM8680 product and any
other devices that are found to infringe and from contributing to and inducing infringement of
the ‘976 and ‘756 Patents and for all further and proper injunctive relief; and

G. That Midtronics be awarded other and further relief as this Court may deem just

and proper under the circumstances.

Respectfully submitted,

Dated: June 4, 2004 W ?77 Mg)ﬁ’w

Donald Flayton

Annette M. McGarry

Gary R. Gillen

WILDMAN, HARROLD, ALLEN & DIXON, LLP
225 West Wacker Drive, Suite 2800

Chicago, IL 60606-1225

(312) 201-2000

FAX (312) 201-2555

Attorneys for Plaintiff
MIDTRONICS, INC.
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1
METHOD AND APPARATUS FOR AUDITING
A BATTERY TEST

BACKGROUND OF THE INVENTION

The present invention relales 1o Lesting storage ballerics.
More specifically, the present invention relates 1o gencrating
a code related to a batlery test.

Storage batteries, such as lead acid storage batleries of 1he
type used in the automolive induslry, have existed for many
years. However, understanding the nature of such storage
batleries, how such storage batteries operate and how to
accuralely test such batlerics has been an ongoing endeavor
and has proved quite difficult. Storage balleries consist of a
plurality of individual storage cells clectrically connected in
scrics. Typically cach cell has a voliage potential of aboul
2.1 volis. By connecling the cells in scries, the voltages of
the individual cells are added in a cumulative manner. For
cxample, in a typical automolive storage batlery, six slorage
cells are used 1o provide a total vollage when the ballery is
fully charged of 12.6 volis,

There has been a long history of attempts 1o accurately
tesl the condilion of slorage ballerics. A simple test is to
measure the voltage of the battery. If the vollage is below a
certain threshold, the battery is determined to be bad.
However, this tesi is inconvenicnl because il requires the
Datlery to be charged prior to performing the test. 1f (he
battery is discharged, the vollage will be low and a good
battery may be incorrectly tested as bad. IFurthermore, such
a test does nol give any indication of how much energy is
stored in the battery. Another technique for testing a battery
is referred as a load fest, In a load test, the battery is
discharged using a known load. As the ballery is discharged,
the voltage across the batlery is monilored and used to
delermine the condition of the battery. This technique
requires that the batiery be sulliciently charged in order thal
il can supply current to the foad.

More recently, a technigue has been pioncered by Dr.
Keith S. Champlin for testing storage batlcries by measuring,
the conductance of [he balteries. This technique is described
in a pumber of Uniled States patents oblained by Dr.
Champlin, 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, issucd Sep.
30, 1975, to Champlin, cntitled ELECTRONIC BATTERY
TESTING DEVICE; U.S. Pal. No. 4,816,768, issued Mar.
28, 1989, to Champlin, cntitled ELECTRONIC BATTERY
TESTING DEVICE; US. Pat, No. 4,825,170, issucd Apr.
25, 1989, 1o Champlin, entitled ELECTRONIC BATTERY
TESTING DEVICE WITH AUTOMATIC VOITAGE
SCALING; U.S. Pat. No. 4,881,038, issued Nov. 14, 1989,
to Champlin, cntiticd ELECTRONIC BATTERY TESTING
DEVICE WITH AUTOMATIC VOLTAGE SCALING TO
DETERMINE DYNAMIC CONDUCTANCE; U.S. Pal
No. 4,912,416, issued Mar. 27, 1990, to Champlin, entitled
ELECTRONIC BATTERY TESTING DEVICE WITIH
STATE-OF-CHARGE COMPENSATION; and U.S. Pat.
No. 5,140,269, issued Aug. 18, 1992, 1o Champlin, entitled
ELECTRONIC TESTER FOR ASSESSING BATTERY/
CELL CAPACITY.

As ballery Lest results have become more accurate, and the
repealability of those resulls has increased, we have recog-
pized a new problem. Specifically, il a subsequent battery
tes! is performed at a later time and perhaps at a dillerent
location and under different conditions, there is no adequale
way lo compare Lhe resulis of (he two tests. It is impossible
to determine if differences i lest resulls are due Lo impraper
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usc.of the test cquipment, inaccurately recorded Lest results
or even falsification of the test results. For example, this
problem can be particularly vexing Lo batiery manufactures,
batlery distributors, and aulomobile companies who offer
warranlics with their batterics. Further, the precise condi-
ticns of - the test and test results would be useful in deler-
mining the cause of the failure and reducing the likelihood
of failure in new batteries by Ideniifylng and correctling
defects.

‘L SUMMARY OF THE INVENTION

The present invention offers solulions to problems asso-
ciated with (he aforementioned problems. The present
invention provides a method and apparatus for auditing a
battery tesl. In the method, a battery lest is performed on a
storage battery 10 oblain a test result. Test condilion infor-
mation is obtained regarding conditions related 1o the ballery
test. The test resull and the test condilion information is
combined into a code and the code is stored or outpul for
future reference.

Similarly, he apparatus inciudes battery test cireuitry for
performing a batlery test on the slorage battery and provid-
ing (a4 tesl resull. Inputl circuitry receives lest condition
information which is related 1o conditions of the baitery lest.
Calculation circritry coupled 10 the battery test circuiiry and
the input circuilry combines the baltery test resull and the
test condition information and responsively provides a code
oulpul.

In various embodiments of the invention, the code cutput
can be used Lo subsequently analyze the batiery Lest in view
of the test conditions.

. BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a simplified schematic diagram showing baltery
monitoring and audiling eircuitry in accordance with the
present invention.

I1G. 2 is a simplified block diagram shown the steps of a
method in accordance with the invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

The present invenlion provides a pew and useful tech-
nigue for monitoring and audiling a baltery test of a slorage
battery, such as 2 lead acid slorage baltery. The present
invention is for use with any batlery lester or tesling lech-
nique and those discussed herein arc sirictly as examples.
The present invention provides a method and apparatus for
combining the result of a batlery test with information
related (o conditions of the batlery (est into a code which can
be subsequently accessed. As described herein, the present
invention is useful in subsequent analysis of batteries which
failed the baltery test and may be uscd to monilor balteries
returncd on warranly, to manitor operator performance and
can be used in deteeling and jdentilying a faully design of a
slorage batlery.

FI1G. 1is asimplified block diagram of baltery monitoring
circuilry 16 in accordance with the present invention. Appa-
ratus 16 is shown coupled to battery 12 which includes a
positive ballery terminal 22 and a negalive batiery terminal
24

Circuilry 16 operates in accordance with one embodiment
of the present iovention and determines the conductance
{Gpap) of bLattery 12 and the voltage potential (Vi)
between terminals 22 and 24 of ballery 12. Circuilry 16
incluides current source 50, dillerential amplifier 52, analog-
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to-digilal converier 54 and microprocessor 56, Amplifier 52
is capacitively coupled to baltery 12 through capacitors C,
and C,. Amplificr 52 has an outpui connecled to an input of
analog-lo-digilal converter 54, Microprocessor 56 is con-
nceled to system clock 58, memory 60, memory 62 and
analog-to-digilal converter 54. Microprocessor 56 is also
capable of recciving an input from input devices 66 and 68.
Microprocessor 56 also connecls to output device 72,

In operation, current source 50 is controlled by miero-
processor 56 and provides a current I in the direction shown
by the arrow in IFIG. 1. in one embodiment, this is a square
wave or a pulse. Differential aroplifier 52 is connected lo
lerminals 22 and 24 of battery 12 through capacitors C; and
C,, respectively, and provides an oulputl related lo the
voltage potential difference between terminals 22 and 24, In
a preferred cmbodiment, amplificr 52 has a high inpwt
impedance. Circuitry 16 includes differential amplifier 70
having inverting and noninverting inputs connceled 1o ter-
minals 24 and 22, respectively. Amplifier 70 is connected Lo
measure the open circuil potential voltage (V1) of battery
12 Letween terminals 22 and 24, The oultput of amplifier 70
is provided 1o analog-lo-digital converter 54 such that the
voltage across terminals 22 and 24 can be measured by
microprocessor 56.

Circuilry 16 is connecied to batiery 12 through a four-
point connection technigue koown as 1 Kelvin connection.
This Kelvin connection allows current 1 to be injected inlo
battery 12 through a firsl pair of lerminals while the voltage
V across the terminals 22 and 24 is measured by a second
pair of conncclions. Because very litlle current flows
through amplifier 52, the voltage drop across the inputs to
amplificr 52 is substantially identical 1o the voltage drop
across terminals 22 and 24 of battery 12, The output of
dillerential amplifier 52 is converted 1o a digital formal and
is provided 10 microprocessor 56, Microprocessor 56 oper-
ales at a [requency delermined by syslem clock 58 and in
accordance with programming instruclions stored in
menmory 60.

Microprocessor 56 determines the conductance of battery
12 by applying a current puise I using current source 50. The
microprocessor determines the change in ballery voltage due
to the current pulse [ using amplificr 52 and analog-to-digital
converler 54. The value of current 1 generated by current
source 50 is known and is slored in memory 60. In one
cmbodimeni, current I is obtained by applying a load 1o
bautery 12. Microprocessor 56 calculaies the conductance of
battery 12 using the lollowing cqualion:

af

duct =G = —
Conduciance W= 1o

Equation |

where Al is the change in current flowing through baltery 12
duc (o current source 5{ and AV is the change in batiery
voltage due o applicd current AL

Based upon the battery conductance G, and the battery
voltage, the baltery tester 16 delermines the condition of
batlery 12. For example, if the battery conductance Gy, is
jower than a predetermined threshold for a particular battery
al a parlicular vollage, microprocessor 56 delermines that
batlery 12 has failed the ballery test. For example, as
cxplained in the Champlin patents, the fester can compare
the measuredt CCA (Cold Cranking Amp) with the rated
CCA for thal panicular battery. Microprocessor 56 uses
information input from input device 66 provided by, for
cxample, an operator. This information may consisl of the
particular type of baltery, location, time, the name of the
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operalor ¢tc. Additional information relating to the condi-
tions of the battery test is received by microprocessor 56
from input device 68. Input device 68 may comprise one or
more sensors, for example, or other elements which provide
information such as ambicnl or battery temperature, time,
date, humidily, barometric pressurc, noisc amplitude or
characieristics of noise in the batlery or in the test result, or
any other information or dala which may be sensed or
otherwise recovered which rclates 1o the conditions of the
test, how the ballery lest was performed, or intermediale
resills obtained in conducting the test. Additional test con-
dition information is provided by microprocessor 56. Such
additional test condition information may include the values
of Gp,7 and battery vollage, the various inpuls provided to
battery tester 16 by the operator which may include, for
example, lype of battery, cstimated ambient or battery
lemperatore, type of vehicle (i.e., such as provided Lhrough
the - Vehicle ldentification Number (VIN) code for the
vehicle} or lhe parlicular sequence of steps taken by the
operalor in conducting the test. In accordance with the
present invenlion, microprocessor 56 uses some, or all, of
the various battery test condition information and combines
such test condition inlormation with the test result to gen-
crale a code, This code is provided to output device 72 which
may comprise, for example, a display or a printer. In another
embodimenl, the code is stored in memory 62 for subsequent
use, As used herein, input circuitry refers 1o any circuitry
used to obtain the test condition information and may
include inputs 66 and 68, memory 60, elc.

The code of lhe present invention may be generaled
through any appropriale lechnique. Two examples follow.

For example, the display 72 will indicate:

“TBST CODE: AUXXXX1YYYY22227".

Where the informalion is encoded as follows:

A Alphanumeric code represcaling geographie territory

0: Okno lemperature compensation used in conditioning the
lest, l=lemperalure compensation used in conditioning
the lest.

XXXX: Entered batlery rating in coded CCA (Cold Crank-
ing Amps) (0=A, I=B, 2=C, etc.) LE. “0625 CCA”
displaycd as AGCF

1: Result of battery fesl:
0=Good—Return 1o Service
1=Good—Recharge & Return to Service
2=Recharge & Retest
3=Bad battery
4=Bad cell bartery

YYYY: Measured coded battery vollage without decimal
point (0=A, 1=B, etc) LL, “12.65 Volts” displayed as
BCGF

2222: Actual CCA measured by Iesler.

Z: Alphanumcric code representing state of charge.

An cxample using cight characlers follows. A pseudo base
26 number, represenied by two alpha characters, is uscd 1o
represent certain valucs in this test code.

For example, to convert the coded number “CZ7, look up
the alpha characters in the following table:

A= Bal C=2 D=3 Exd4 F-45
G=6; Ha7?7 [«8  Jud  K=10 Lall
M=1Z  N=13 Ow=14 Pals Q=16 R=IT
S=18 T=19  Ua2) Va2l Wal2 X=23
Y- z-25

Take the first letier, “C", and multiply its value by 26.
‘Then:add the value of the second letler “Z™: {C"x26}+2".



Case: 1:04-cv-02865 Document #: 2 Filed: 06/04/04 Page 10 of 30 PagelD #:26

o

6,051,976
5 | 6
{2)x(26)m52. [quation 2 may be manually input or, for example, read from a bar code
. carried on the battery.
§2425-77. Fquatian 3 Al block 106, microprocessor 56 performs the ballery test

The coded number is 77,

The display 72 will indicate “TEST CODE: XX0YY1ZZ",

for example.

The information is encoded as follows:

XX: Entered coded baltery rating in 5 CCA increments. For
cxample, 360 CCA would be represented as 72, 650 CCA
as 130, ctc. CCA will be rounded to the ncarest 5 CCA
valuc. The coded CCA is then represemied using Lhe
Pseude Base 26 scheme listed above, 360 CCA=72
coded=CU. 650 CCA=130=TA.

0: Result code:
0=Good—Relurn 1o Service
1=Good—Recharge & Return to Service
2=Recharge & Relest
3=Bad ballery
4=Bad ccll battery
S=Good—Relurn 1o Service (lemperature compensaled

during test)

6=Good—Recharge & Returm lo Service (temperature

compensated during test)

T=Recharge & Relesl (lemperature compensated during

test}

8=Dad battery (temperature compensated)

9=Bad cell baticry {temperature compensaied)

YY: Measured coded vollage in 50 mVoll increments. For
example, 10.00 volts would be represented as 200, 12.75
volts as 255, etc. Voltage will be rounded Lo the pearest 50
mVoll value, The coded vollage is then represented using
the Pseudo Base 26 scheme listed above. 10.00 volts=200
caded=FIS. 12.75 volis=255=]V.,

1: Numeric code representing state ol charge, The stalc of
charge of the battery is indicaled by a single numeric
characier. “0" represents thal SOC is not applicable, such
as in Replace Baltery or Recharge and Retest. “S” repre-
sents 100% state of charge. “1"~*4” are divided in equal
steps belween a selected lower percenlage and 100%
rclative conductance.

ZZ: Actwal measured batlery cranking power in 5 CCA
increments. For example, 360 CCA would be represented
as 72, 650 CCA as 130, cte. CCA will be rounded Lo 1be
nearcsl 3 CCA value. The coded CCA is then represented
using the Pseudo Basc 26 scheme listed above. 360
CCA=T2 coded=CU. 650 CCA=130=FA.

FIG. Z is a simplificd block diagram showing steps in
accordance with the method of the present invention, FIG. 2
shows flow chart 100 which initiates operation at start block
(or step) 102. At block 104, user inpul is obtained. For
cxample, uscr input is obtained (hrough input device 66 and
may constitute insiruclions for performing a batlery test, the
rated coldd cranking amps (CCA) for the batier under fest,
estimated temperature during the test for femperature com-
pensation during the tesl or any other user input relaled to
ihe fest or lest environment. This information is provided to
microprocessor 56 and is storcd in memory 60 for use during
the test. Additional information may relate lo a particular
vehicle in which (he batlery in installed which may be
obtained, for example, using the VIN code lor the vehicle.

-Furlher, the make, model and manufacturer of the battery 12

may be provided. Other such information includes batlery
specific information, such as a serial number, digital signa-
wre [or tracking and identifying the battery, make, model,
and dale of manufacture of the battery, ete. Such information
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using the techniques deseribed above. However, it will be
understood that those lechniques are merely examples and
the baltery test may be any baltery test including a simple
vollage mecasurement test, a load test, resistance,
conduclance, impedance, admiltance, or other parameter
lest, battery capacity or stale of charge test, digital hygrom-
sler lest in which the specific gravily of the battery acid is
measured, complex charging and discharging tests which are
known in ibe arl, ete. It will be understood that in various
embodiments of the present invention, the particular 1est
may be sclected from any available or yel to be discovered
batlery tesl.

Al block 108, microprocessor 56 ablains any additional
condilion information which may be used in accordance
with the invention. As cxplained above, the information may
be any information related to the Lest such as actual ambient
or batlery temperalure sensed by device 68, various inter-
mediate test resulls which were obtained in performing the
lest at step 106, various batiery paramelers such as surface
charge, voltage, conduclance, resistance, float current, noise
amplilude, noise frequency or other noise characleristics,
elc. At step 110, microprocessor 56 combines the condition
information obtained at siep 108 with the tcst results
obtained at step 106 into a string of information. The
information may be of any form and is not limited to the
characler code described above, The information may be
digitally encoded inlo a series of data bytes. However, in one
preferred embodiment, an alpha numeric code is preferred,
This combination of information is referred to herein as a
code. At block 112, this code is output using an appropriale
technique. For example, the code can be output on output
device 72 which may be a display, printer, label printer, bar
code prinier, modem or other dala transmission means, cle.
In a2nother variation on the invention, the step 112 provides
the owlpul lo memory 62 for subsequent use. For example,
a plurality of codes may be collected in memory for suhse-
quent output or analysis. Al block 114, the procedure cnds.

One advanlage of the present inveation is that it is
particularly usclul in ensuring compliance with the warranty
rcturn policies of mamufacturcrs. For example, if, upon
identifying 4 faulty baltery, the operator marks the batlery 12
with the code provided on output device 72, for example, by
marking dirccily on the baltery or applying a sticker lo the
batiery when the baltery is reterned, the manufacturer will
have information regarding the test which resulled in the
return of the battery. In one preferred embodiment, the code
is enerypled or otherwise difficult to duplicate whereby the
code cannot be falsified. Thus, the manufacturer may then
perform a subsequent test on the battery and compare the
subsequent test result with the result obtained which lead to
the warraoly return. This will make it very difficull for the
unscrupulous individual 16 return a battery under a warranty
policy where the battery is not faully. Furthermore, the
invention provides additicnal traceability of the bauerics
which arc being relurned to the manulacturer in that the
particular code may contain geographic and location infor-
mation used lo identify the paricular lest location and
operator which lead to the failed test. Durther still, if the
battery is in a new car and is being retumed to lhe setoma-
bile manufacturer, the manufacturer can retricve information
regarding 1he vehicle such as through the VIN code of the
vehicle.

The present iovealion provides a convenient technique for
2 manufacturer lo collect information regarding batterics
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which fail baltery iests. Such information can be used in
improving future batteries or identifying faults in existing
balieries. For cxample, Lhe code can contain information
reparding the various intermediate steps or measurcmenls
which are oblained in providiog the batlery lest. This could
be, for example, batlery recovery voltage, voltage afier a
first test, voltage afier a sccond tesl, surface charge voltage,
voltage or currcnt in responsc to an applied load or signal,
temperature compensalion inpui, noisc amplitude or other
noise¢ characleristics, foat current, etc.

The present invention may be used with standby batieries
such as those used lo power remole lelephone swilching
locations, computer [facililies, power company facililics,
pumping stations, ctc. It will be understood by those skilled
in the arl that the present invention is not limited to auto-
molive storage batierics.

In onc embodiment of the invention, the code is in an
encrypled formal to thereby reduce the likelihood of code
falsification. In the two examples described above, the code
is cocrypled in thal it is difficuli for a user who is unfamiliar
with the particular coding technigue lo discover the precise
lechnique being used and generate valid codes which con-
win falsificd information. A further cmbodiment of the
invention includes providing a stronger encryplion algo-
rithm which may be as simple as an offset or transposition
cipher or a more complex lechnique such a5 2 public key
encryplion echaique. Such a lechnique can also be used to
apply a digital signalure (o the code containing, for example,
information about the particular ballery tester being used.

Although the present invention has becn described wilh
reference 1o preferred embodiments, workers skilled in the
art will recopnize that changes may be made in form and

~ detail without departing from Lhe spirit and scope of the

invention. For example, one may use other input mecha-
nisms to oblain lest condition information or employ other
battery tests than those explicitly described. Further, the
code may be generated using any appropriate technigue.
What is claimed is:
1. A method of monitoring a condition of a slorage battery,
comprising:
connecling a battery lest device to the storage baltery;
oblaining test condition information related to the battery;
oblaining raw ballcry test data by performing a step in a
battery test on Lhe storage batiery with the baltery lest
device;
digitizing the raw tesi data with tbe baltery lesl device;
delermining, using a microprocessor in the bailery Lest
device, the condition of the battery as a function of the
digitized raw test dala and the icst condition informa-
tion;
providing a visual output indicative of the condition of the
battery;
digitally combining the test condition information, the
digilized raw Lest data and the condition of the ballery
10 form an audit code, the audit code having propertics
such that the digitized raw test data and the condition
of the baltery are subscquently recovered from the audit
code and the battery test subscquemly audiled through
comparing the raw lest data to the condition of the
batlery to idemify user falsification of the ballery lest;
and
oulpulting the audit code.
2. The method of claim 1 wherein the raw Llest data
includes baltery conduclance.
3. The method of claim 1 wherein the (est condition
informalion includes temperature informaltion.
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4. The method of claim 1 wherein the lesl condition
information includes rated battery Cold Cranking Amps
(CCA).

5. The method of claim 1 wherein the test condition
information is related to a vehicle which contains the batlery.

6. The method of claim 1 wherein the test condition
information includes information relaled 1o the battery.

7. The method of claim 1 wherein the raw lest data
inciudes battery voliage.

8. The method of claim 1 wherein the step of obtaining the
raw battery test data includes applying an clecirical load to
the battery.

9. The method of claim 1 wherein the audit code com-
prises an alpha numeric code.

10. The method of claim 1 including the step of placing
the audit code onto the battery following the step of out-
pulling the audit code.

11. The method of claim 1 including subsequently audit-
ing the battory tesl based upon lhe audit code.

12. The melhod of claim 11 wherein the step of subse-
quently audiling comprises:

extracting the raw test data, the test condition information

and the battery condition from lhe Dattery;
calculating on the baltery condition as a function of the
" extracted raw test data and Lhe extracted Lest condilion
; information; and
comparing the extracted battery condition with the cal-
culated batlery condition. .

13. An apparalus for performing a battery testona storage
battery to determine the condition of the storage batiery,
comprising:

batlery lesl circuitry obtaining raw test data for the

batlery,

an analog (o digital converter providing digitized raw test

dala;

inpul circuitry adapted Lo receive test condition informa-

“tion related to a test condition of the storage batlery;

a microprocessor determining the battery condilion of the

_slorape ballery as a function of the digilized raw test
"data and the test condilion information, wherein the
microprocessor includes calculation circuitry for pro-
viding an audil code which is a combination of the
‘ballery condition, the digitized raw test dala, and the
test condition information, the audit code having prop-
erties such Lhat the baliery condition, the digilized raw
tesl data, and the test condition information is subsc-
quenily recovered from the audit code and the batlery
test subsequently audited through comparing the raw
tesl data o the condition of the battery to identify user
Hfalsification of (he battery test; and

autpul circuitry outpulting the final battery test result and

separately oulputting the audit code.

14. The apparatus of claim 13 wherein the battery test
circuitry includes circuitry determining battery conductance.

15. The apparalus of claim 13 wherein the baltery test
circuilry includes cirenitry applying an electrical load to the
battery.

16. The apparatus of claim 13 wherein the raw test data
comprises baltery voltage.

17. The apparatus of claim 13 wherein Lest condilion
information includes information related to ballery lempera-
ture,

18, The apparalus of claim 13 wherein test condition
informalion includes information related o geographic loca-
ticn.

19. The apparatus of claim 13 wherein test condition
inlormation includes informalion relaled lo a vehicle con-
{aining the ballery.
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20. The apparatus of claim 13 wherein lest condition
infarmation includes information related 1o the batlery.

21. The apparatus of claim 13 wherein the input circuilry
incluzdes a manual input for receiving an input from a user.

22. The apparatus of claim 20 wherein information refated
to the battery comprises rated batlery Cold Cranking Amps
{CCA).

23. The mecthod of claim 1 wherein Ibe test condition
information comprises baliery lype.

24. The method of claim 1 wherein the lesl condilion
information comprises geographic localion.

25. The method of claim 1 wherein the test condition
information comprises time information.

26. The method of claim 1 wherein the test condition
information comprises the name of the operator.

27. The method of claim 1 wherein the tesl condition
information comprises the VIN code of a vehicle which
conlains the batlery.

28. The methad of claim 1 wherein the test condilion
information comprises battery specific information,

29. The method of claim 1 wherein the test condition
information comprises baltery serial numboer.

30. The methed of claim 1 wherein the test condition
information comprises batlery model.

31. The method of claim 1 wherein the lest condition
information compriscs datc of manufacture of Lhe battery.

32. The method of claim 1 wherein the test condition
information comprises a digilal signature.

33. The method of claim 1 wherein the siep of ouipulling
comprises printing an audil code,

34. The method of ¢laim 1 wherein the siep of printing the
audit code comprises printing a label.

35. The method of claim 1 wherein Ihe siep of printing the
audit code comprises printing a bar code.

36. The methed of claim 1 wherein the step of outputting
comprises lransmitting the audit code data.

37. The method of claim 1 wherein the step of iransmit-
ting the audit code data comprises iransmitting data through
a modem.
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38, The method of claim 1 wherein the siep of determin-
ing the condilion of the battery comprises delermining
baltery capacity.

39. The method of claim 1 wherein the step of determin-
ing the condition of the battery comprises defermining state
of charge.

40. The method of claim 1 wherein the step of obtaining
raw, battery tesl data comprises performing a resistance test.

41. The method of claim 1 wherein the step of obtaining
raw baitery test data comprises an impedance lest.

42. The apparatus of claim 20 wherein the information
rclaled Lo the baliery compriscs baliery type.

43. The apparatus of claim 20 wherein he informalion
relaled to the battery comprises battery serial number.

44. The apparaius of claim 20 wherein the information
related to the battery comprises batiery model.

45. The apparatus of claim 20 wherein the information
related to the baltcry comprises date of the manufacture of
the baltery.

46. The apparatus of claim 19 wherein the information
rclated to the vehicle comprises the vehicle VIN code.

47. The apparatus of claim 13 whercin the test condition
information includes geographic location,

48, The apparalus of claim 13 wherein the lest condition
information includes time information.

49, The apparalus of claim 13 wherein the lest condition
information includes the name of the operator,

50. The apparatus of claim 13 wherein the lest condition
information includes a digital signature,

$1. The apparalus of claim }3 wherein {he outpul circuilry
COMPpriscs a prinker output.

52. The apparatus of claim 13 wherein the cutpul circuitry
comprises a dala lransmission circuit.

53. The apparatus of claim 5 wherein the dala transmis-
sion circuil comprises a modem.

54. The apparatus of claim 13 whercin the ballery lest
circuitry includes a circuitry determining baltery impedance.
L *x =

# *
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ELECTRONIC BATTERY TESTER WITH
TAILORED COMPENSATION FOR LOW
STATE-OF CHARGE

BACKGROUND OF THE INVENTION

This application is a Continuation-In-Past of patent appli-
cation cotitled ELECTRONIC BATTERY TESTER WITH
AUTOMATIC COMPENSATION FOR LOW STATE-OF-
CHARGE, United States patent application Ser. No. 08/496,
467, filed Jun. 29, 1995, now U.S. Pat. No. 5,585,728, which
is a file wrapper continuation of Ser. No. 08/292,925, filed
on Aug. 18, 1994, now abandoned, which is a file wrapper
continuation of Ser. No. 07/877,646, filed May 1, 1992, now
abandoned.

“This invention rclates to an electronic measuring or
monitoring, device for assessing the ability of a slorage
battery to deliver power to a Load. More specifically, it
retates to improved apparalus of the type disclosed previ-
ously in U.S. Pat. Nos. 3,873,911, 3,909,708, 4,816,768,
4,825,170, 4,881,038, and 4,912,416 issued to Keith S.
Champlin.

Storage batleries are employed in many applications
requiring elecirical energy to be retained [or later use. Most
commonly, they zre employed in molor vehicles utilizing
internal combustion engines. In such applications, ensrgy
stored by “charging” the bailery during engine operation is
laker used to power lights, radio, and olher clectrical appa-
ratus when the engine is stopped. The mosl severe demand
upon the batlery of a motor vehicle is usually made by the
starter molor, Failure to supply the starter molor with
sufficient power to crank the engine, particularly in cold
weather, is often the first indication of battery deterioration,
Clearly, a simple measurement lhat accuraiely asscsses a
baltery’s ability lo supply cranking power is of considerable
value.

Prior fo the iniroduction of the dynamic conductance
testing method disclosed in the six U S. patents enumerated
above, the method most generally available for assessing 2
battery’s ability 10 supply cranking power was the standard
load test. This test subjects a batlery to a heavy de current
having a predeiermined value diclated by the battery’s
rating, Afler a prescribed time interval, the baltery’s vollage
under load is observed. The battery is Lhen considered to
have “passed”” or “failed” the load test according lo whether
its vollage under load is greater, or less, than a particular
value.

Although the standard load test has been widely used for
many years, it has several serious disadvantages. Thesc
include:

1. The test draws a large current and therefore requires
apparatus that is heavy and cumbersome.

2. Considerable “sparking” can occur if the lost apparalus
is connecled or disconnected under load conditions. Such
“gparking” in the presence of battery gasses can causc an
explosion with the polential for serious injury to the user.

3. A standard load test leaves Lhe baltery in & significantly
reduced state-ol-charge and Lherefore less capable of crank-
ing the engine than before the lest was petformed.

4. The batiery’s lerminal voltage decreases with time
during performance of the load test. Accordingly, test results
are generally imprecise and often dependent upon the skill
of the opetator.

3. Load test resulls are not repeatable since the test itself
temporarily polarizes the batlery. Such test-induced polar-
ization sigmficanily alters the initial conditions of any
subscquently-pecformed tests.
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A practical alternative to the standard load lest is taught in
the six U.S. Patents enumerated above. These documents
disclose electronic apparatus for accurately assessing a
battery’s condition by means of small-signal ac measure-
ments of its dynamic conductance. They teach thal a bat-
tery’s dynamic conductance is directly proportional to ils
dynamic power-—ihe maximum power that the battery can
deliver (o a load. Dynamic conductance is therefore a direct
measure of a battery’s abilily to supply cranking power.

In comparison with the load test method of battery
appraisal, the dynamic conductance testing method has
many advantages. For example, dynamic conductance 1€t~
ing utilizes electronic apparalus that is small and
lightweight, draws very little current, produces virtually no
sparking when connecled or disconnected, does not signifi-
cantly discharge or polarize the battery, and yields accurale,
highty reproducible, test results. Virtually millions of battery
measurements performed over the years have fully corrobo-
rated these teachings and have proven the validity of this
allernative testing method.

One disadvantage, however, of the dynamic conduclance
lesting method has been the fact that tesl resulls are some-
what dependent upon the battery’s state-of-charge.
Accordingly, the methods and apparatus disclosed in the first
five of lhe six U.S. patents cited above have generally
required that the battery be essentially fully charged to be
tested. Since many batteries are, in fact, fairly discharged
when they are returned for replacement under warranty, or
when they are otherwise suspected of being faulty, il has
been frequently necessary Lo recharge a battery before
tesling it. Such recharging is costly and time-consuming.
Clearly, a simple method for performing accurale dynamic
conductance tests on batleries “as is”—-batteries that may be
only partially charged—would be of considerable benefit.

Great progress toward solving this problem has been
cngendered by the methods and apparatus disciosed in the
sixth U.S. patent cited above; U.S, Pat, No. 4,912,416. As is
well known to those skilled in the art, a battery’s state-of-
charge is directly related to its open-circuit (unloaded)
terminal voltage. By utilizing this fact, along with extensive
experimental data, an empirical relationship was established
Letween a batlery’s stale-of charge, as reflected by its
open-circuit voltage, and ils relative dynamic conductance,
normalized with respect fo its fully-charged value, This
empirical relationship was first disclosed in U.S. Pal. No.
4,012,416, Further, apparalus disclosed therein utilized this
empirical relationship, along with measurements of open-
circuit voltage, to appropriately correcl dynamic conduc-
tance readings—thus yielding battery assessmenls that were
essentially independent of the battery’s slate-of-charge.

However, lhe measuring apparatus disclosed in U.S. Pat.
No. 4,012,416 utilized an inconvenient Iwo-slep lesting
procedure requiring intermediate interaclion by the user, The
batlery’s open-circuit voltage was first measured. Nexl,
using the results of the vollage measurement, the user
adjusted a variable ailenualor lo an appropriate setting.
Finally, the dynamic conductance was measured, By virlue
of the previously adjusted variable altepualor, the quantila-
tive or qualitative dynamic conductance information ulli-
mately displayed (o the user conformed with that of a
fully-charged] batlery even though the baltery may, in aciual
fact, have been only partially charged when tested. The
state-of-charge problem was lhus solved in principle by the
methods and apparatus taught in U.S. Pat. No. 4,912,416.

Measuring apparaluses and methods which compensate a
battery’s relative conductance based upon lhe teaching of
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US. Pal. No. 4,912,416 work extremely well for “standard”
(i-c., “acid-limited”) battery lypes—balteries for which Lhe
relationship between the stale-of-charge and the relative
dynamic conductance closely follows the empirical relation-
ship disclosed in U.S. Pat, No. 4,912,416, However, this
“slandard” empirical relationship does not work as well for
compensating the relative dynamic conductance of batteries
constructed differemly, for which the “standard” empirical
relationship may nol be as accurate. For example, a ballery
designed for use in warmer climales may have a lower plate
count for its size as compared to a more expensive batlery
which has more plates per acid volume. The higher plate
count battery (“acid-starved”) will typically provide power
down 10 a much lower voltage than will the lower plate
count (“acid-flooded”) battery. Thus, a “standard” charge
compensation curve will tend to overcompensate the baltery
with the high plate count and undercompensate the battery
with the low plale count.

1L is therefore quite apparent that an improved apparatus
which provides aulomalic state-of-charge correctjon for a
wide variety of batlery types would be highly advantageous.
Just such an tmproved electronic batlery lesting apparatus,
providing for automatic correction for low state-of-charge
for a wide variety of battery Lypes, is disclosed hercin below,

SUMMARY OF THE INVENTION

Various embodiments of an improved electronic device
for lesting or moniloring storage batteries that may be only
partially charged are disclosed. The device determines the
battery’s small-signal dynamic conductance in order lo
provide either a proportional numerical readout, displayed in
appropeiate battery measuring units, or & corresponding
gualitalive assessment of the ballery’s relalive condition
based upon its dynamic conductance and electrical rating.
The device also determines the battery’s ferminal voltage in
an essentially unloaded condition and utilizes this informa-
lion to automatically correct the measured dynamic conduc-
lance. The automalic correction is pecformed by the elee-
lronic device using information or functions which are
lailored for the paricular type of baltery being tested, By
virtue of this automatic cormrection, the quantitative or quali-
lative information displayed to the user conforms with that
of a fully-charged baltery even though ihe battery may, in
actual fact, be only partially charged. If the battery’s state-
of-charge is too low for an accurale assessment lo be made,
no information is displayed. Instead, an indication is made
to the user that the battery must be recharged before tesiing.

BRIEF DESCRIPTION OF THE DRAWINGS

FiG. 1 depicts the Thevenin's equivalent circuit of a
lead-acid storage batlery comprising its open-circuit voltage,
V,, and its internal resistance, R, connected in series.

FIG. 2 is an empirical plot of normalized dynamic
conductance, G,, versus open-circuil vollage, V,, showing
the correlation with measurements performed wpon four
different “standard” (acid-limited) lead-acid storage batter-
ics having differing cleclrical ratings and fabricated by
different manufaclurers.

FIG. 3 is a simplified block diagram of an improved
electronic batlery lesting/moniloring device employing
automalic compensation for low slate-of-charge in accor-
dance wilh a first embodiment of the present invenlion.

FIG. 4 is a graphical plot of the slate-of-charge correction
factor obtained by taking the reciprocal of the “standard”
empirical normalized dynamic conductance curve of FIG. 2.

FIG. 5 is a plot of a four-segment piecewise-linear
approximation 1o the correction factor curve of FIG. 4
implemented by the correction amplifier circuit disclosed in
FIG. 6.
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FIG. 6 is a schematic diagram of a dc correction amplifier
embodiment which implements the four-segment piecewise-
linear transfer function disclosed in FIG, 5.

FIG. 7 is a complete schemalic diagram of an improved
clectronic battery testing/monitoring device wilh automatic
compensation for low state-of-chasge configured for testing/
monilering “standard™ 12-voit aufomotive balteries.

FIG. 8 is a graphical plot similar 1o FIG. 4 but illustrating
state-of-charge correction factors for five different types of
batterics.

FIG. 9 is a simplified block diagram of an embodiment of
an improved electronic battery testing/monitoring device
which provides battery type specific automatic compensa-
tion for low state-of-charge.

FIG. 10 is a simplified block diagram of another embodi-
ment of an improved electronic battery testing/monitoring
device which provides ballery lype specific aulomalic com-
pensation for low stale-of-charge.

FIG. 11 is a simplified block diagram illustrating one
cmbodiment of the correction amplifier of the device shown
in FIG. 3 which can be used to implement the multiple
charge compensalion curve approach of the present inven-
ton.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Referring first to FIG. 1, the Thevenin’s equivalen! circuit
of a lead-acid storage batlery is shown. In this equivalent
representation, the battery is described by its open-circuit
voltage, V,,, and its internal resistance, R,, connected in
series.

As has been fully disclosed in the first five of the six U.
S. Patents cited above, a conventional dynamic conductance
battery test of a fully-charged batlery traditionally ignores
the open-circuit voltage, V. Instead, the electronic test
apparatus direclly measures the battery’s dynamic condue-
tance G, =1/R.. The testing/moniloring device then provides
the operator wilh either a numerical readout displayedein
praportional battery measuring units {such as “Cold Crank-
ing Amps”, “Ampere-Hours”, or “Watls™) or else with a
qualitative display (“Pass/Fail”) based upon comparing the
measured value of G, with a corresponding reference value
determined from the battery’s electrical rating and tempera-
lure,

Although the open-circuit voltage, V,, has not been
normally used in dynamic conductance testing of fully-
charged batteries, it has been previously used lo determine
state-of-charge. As is well known to those skilled in the art,
a battery’s stale-of-charge is directly related to s open-
circuit (unloaded) terminal voltage. For example, with “stan-
dard” (acid-fimited) automotive-type lead-acid balterics
having nominal voltage of 12 volis, the open-circuit voltage
is known to vary from about 11.4 volts, for batteries that are
virlually totally discharged, to about 12.6 volts, for baltteries
thal are nearly fully charged.

FIG. 2 shows the observed relationship between normal-
ized dynamic conductance and open-circuit voliage appto-
priate to “standard” (acid-limited} auwtomotive-type lead-
acid storage batteries. This information was disclosed
previously in U. 8. Pat. No. 4,912,416. FIG. 2 displays an
cmpirical graph of relative dynamic conductance, normal-
ized with respect lo the fully-charged value, G (V VG,
{12.6), plotted as a function of open-circuit voltage, V.. The
solid curve plotted in FIG. 2 is described by a second-order
polynomial equation having coefficients adjusted lo best fit
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the cxperimental data. The appropriately adjusted polyno-
mial equation is:

GV
Gy 17.6)

FIG. 2 also discloses normalized experimental points
which represent aclual measurements oblained from [our
difTerent “slandard”-Lype {acid-limited) balteries possessing
dillerent electrical ralings and fabricaled by different manu-
Facturers. Batteries XMO, XM1, and XMD are six-cell bat-
teries having nominal voltages of 12 volis. Batlery XM2 is
actually a three-cell, -volt batlery. Open-circuil voltage
measuremenls of batlery XM2 were multiphied by a factor of
{wo in order lo plot XM2 dala poinis on the same graph as
(he other three batteries. Ome sees that the normalized
measurements obtained from all four batteries agree quile
closely with the empirical relation described by Equation
{1). The facl that the same empirical relation shows sliong
correlation with experimental data oblained from both 6-voll
and 12-voll batleries indicates that the empirical stale-of-
charge correction disclosed in EIG. 2 is quite universal and
is actually a fundamental property of a single celh.

Referring now to FIG. 3,2 simplified block diagram of a
first embodiment of an improved clectronic battery testing/
monitoring device with automatic compensation for low
state-of-charge is disclosed. Except for specific details hav-
ing to do with the circuitry for automatic compensation for
low state-of-charge, the explanation of the operalion of the
block diagram of FIG. 3 is identical with thal of the
corresponding block diagram referred to as F1G. 1in U.S.
Pat. No. 4,816,768.

Accordingly, signals representalive of the signal at output
10 of high-gain amplifier cascade 12 are fed back to input 20
of high-gain amplifier cascade 12 by means of two feedback
paihs; internal feedback path 14 and external feedback path
16. Internal fecdback path 14 includes low pass filier (LPF)
18 and feeds a signal directly back to input 20 of high-gain
amplifier cascade 12. The purpose of internal feedback path
14 and low pass filter 18 is 10 provide large de feedback but
relatively little ac feedback in order to define the operating
point of high-gain amplifier cascade 12 and ensure its de
stability without appreciably reducing its ac voltage gain.
External feedback path 16 contains resistive network 22 and
feeds a signal current back to the battery undergoing test 24.
Summation circuitry 26 combines the resulting signal volt-
age 28 developed therchy across batlery 24 with 2 100 Hz
periodic square-wave signal vollage 30.

In the embodiment disclosed in FIG. 3, the periedic
square-wave signal vollage 30 is formed by the action
oscillator 32, chopper switch 34, and de correction amplifier
(Cor Amp) 36. The oscillalion frequency of oscillator 32
may, for example, be 100 Hz. The voltage applied to laput
18 of dc correction amplifier 36 is the de terminal voltage of
baltery 24. By virtue of 1he [acl that the electionic apparatus
disclosed in FIG. 3 draws very little load current from the
battery, this terminal vollage is essentially the baliery’s
open-circnit {unloaded) terminal vollage V. Signal output
40 of de correction amplifier 36 is a dc vollage derived [rom
V, —having a voltage level that is inversely related 10
V,—and bence inversely related lo the state-of-charge of
ballery 24. This derived dc voltage 40 is repetilively inter-
rupted by chopping switch 34 whose conirol input 42 is
activated by the output of oscillator 32. The chopped de
vollage thus comprises a periodic square-wave signal volt-
age 30 having a voltage amplitude chat is inversely related
to V,, and hence inversely relaled Lo the state-of-charge of

Eg. 1
- - [73.1963} + {12.3939) Vo - {04348} 4
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battery 24. This signal vollage 30 is presented lo sumimation
circuilry 26 along with the signal voltage 28 developed
actoss battery 24, The resulling composite signal vollage 44
at the output of summation circuilry 26 is then capacilively
coupled to input 20 of high-gain amplifier cascade 12 by
means of capacitive coupling network 46.

As has been fully explained in U.S. Pat. No. 4,816,768,
the voltage al out-put 10 of high-gain amplifier cascade 12
comprises a constant dc bias companent along with an ac
signal component that is proportional to the dynamic con-
ductance G, of he battery undergoing test 24 as well as to
{he level of the square-wave signal voltage 30. The constant
dc bias componen! is ignored while the variable ac signal
component is detected and accurately converted 1o a de
signal voltage by synchronous detector 48, synchronized 10
oscillator 32 by means of synchronizing path 50.

The de signal voltage at output 52 of synchronous detec-
tor 48 passes through adjustable resistive network 54 o the
input of de-coupled operational amplifier 56, Feedback path
58 of operaticnal amplifier 56 contains dc milliammeter b0.
Accordingly, the reading of dc milliammeter 60 is propor-
lional to the dc signal voliage level at the output 52 of
synchronous detector 48, and hence to the dynamic conduc-
tance G, of battery 24. In addition, the constant of propor-
tionality relating the milliammeter reading to G, is deter-
mined by the value assumed by adjustable resistive network
54 as well as by the level of the signal voltage at 30—and
hence by the battery’s state-of-charge as exemplified by its
unloaded de terminal vollage Vo

By ulilizing an appropriate fixed resistance value in
resistive network 54 and then calibrating milliammeter 60in
battery measuring unit numbers that are proportional to the
batlery’s dynamic conductance, the embodiment disclosed
in FIG. 3 will emulate the direct reading battery tesler
disclosed in U.S. Pat. 3,873,911 In addition, as is [ully
taught in U.S. Pat. No. 4,816,768, lhe resisiance value of
resistive network 54 which brings the reading of dc mil-
liammeter 60 to a particular fixed value is directly propor-
ticnal to the dynamic conductance of baltery 24. Hence, by
calibrating resistive network 54 in traditional battery raling
upits, and then designating “pass” and “fail” regions on the
face of milliammeter 60, the embodiment disclosed in FIG.
3 will also emulate the “pass-fail” battery festing device
disclosed in U.S. Pat. No. 3,909,708. Furthermore, one can
employ a switch to select cither a fixed-valued resistive
petwork 54 or an adjuslable-valued network 54 and can
arrange both a number scale and “pass-fail” regions on the
face of milliammeter 60. One <an therefore realize both a
dirccl-reading battery tester and a “pass-fail” batiery lester
with a single device.

For either emulation, the amplitude of the detecled signal
al the output 52 of synchronous detector 48 is directly
propertional lo the amplitude of the squarc-wave signal 30
al the output of chopper switch 34, Hence, bolh the levelol
the numerical quaplity displayed during direct-reading
operation as well as the relalive qualitative assessment
provided in “nags-fail” operation are influenced by the
battery’s “state-of-charge”, a$ exemplified by its unloaded
\erminal voltage V. In order for this displayed information
to be independent of the battery’s state-of-charge, one must
require 'V, the de outpul voltage at 40 of de correction
amplifier 36, (o be proportional to the reciprocal of GV,).
Under these conditions, V,,, can be wrillen as:

Vol Vo) V{12 F(V,)
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where:
G.{12.6 Cq. 3
FYV) - _0(,'(170))— &

is an appropriate state-of-charge “correction factor” imposed
by correction ampiifier 36. Rearranging Equation 2 leads to:

Vourl(Ve)

FVey = Vortl12.5)

which shows that F(V ) may be simply regarded as the de
output voliage of amplifier 36 normalized with respect to the
corresponding de output vollage obtained with a fully-
charged ballery; ie., a baitery for which V,=12.6 volts.

Eq. 4

In additien to providing a dc signal output 40, the dc

correction amplifier 36 also provides a “Chopper Disable”
oulput 62 and an LED output 64. These two additional
outpuis become activated whenever the battery’s terminal
veltage V,, and hence its slale-of-charge, is too small for an
accurate dynamic conductance lest 1o be made. Under these
special condilions, chopper swilch 34 becomes disabled so
1hat no qualitalive or quanltitative information is displayed Lo
the user. Instead, LED 66 lights to indicate to the user hat
the ballery must be recharged before it can be tested.

FIG. 4 displays a graphical plot of the statc-of-charge
correction factor (V) obtained by laking the reciprocal of
the empirical {G,(V,)/G,(12.6)} curve disclosed in FIG. 2.
A four-segment piccewise-linear approximation to this
cmpirical curve is disclosed in IIG. 5. The parameters which
specify the four breakpoints of this piccewisc-lincar
approXimation are listed in Table I,

TABLE 1
Piccewise-Linear Approximation Parameters
Breakpoint V(Volis) Correction Faclor - F
A 12.60 1.00
B 12.15 121
C 11.80 1.78
D 11.60 291

The piecewise-linear input-outpul relalionship of FIG. 5
is implemented by (he transfer function of the dc comrection
amplifier circuit embodiment disclosed in FIG. 6, Referving
now Lo FIG. 6, the dc correction amplifier contained gener-
ally in Llock 36 comprises the interconnection of four
aperalional amplifiers, 70, 72, 74, and 76 along with com-
parator 78. Circuit input lead 38 connecls to the posilive
terminal of the battery 24 under test, while the nepative
battery lerminal is grounded. By virlue of the facl that very
little current is drawn from battery 24, the circuil’s inpul
vollage at 38, V., measured with respect lo ground, is
essentially equal to the batlery’s open-circuil lerminal voll-
age V.. .

Within the de correclion amplifier circuil disclosed in
FIG. 6, a constant reference voltage Vj, is established by
means of vollage reference diode 80 receiving operating
current through series resistor 82, Reference voltage V,
may, for example, be 2.5 volls, Vi, is further operated on by
a vollage divider chain comprising resistors 84, 86, 88, and
90. Accordingly, the voltage level applied to the noninvert-
ing inputs of operafional amplifiers 70 and 72 is Vi, while
increasingly smaller fractions of reference voltage Vi, are
applied to the noninverling inputs of operational amplifiers
74 and 76 aud lo the inverling input of comparator 78,
respectively. In addition to these fixed voltape levels, a
variable voltage V,, thal is proporlional (o batlery vollage
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V., is derived from V,,, by means of vollage divider resistors
92 and 94. This variable voltage is applied directly to the
noninverting inpul of comparator 78 and to the inverting
inputs of operational amplifiers 72, 74, and 76 through
resistors 98, 102, and 106, respectively.

The cutputs of the four operational amplifiers, 70, 72, 74,
and 76, are connected to a common cutpul bus, V_,, through
the four diodes, 108, 110, 112, and 114, respectively.
Because of the operation of these four diodes, only one of
the operational amplifiers will be aclive al any one given
time—the amplifier having the largest (most positive) output
voltage. That operational amplifier alone will be connecled
to the output bus and will thus be controlling Lhe output
voltage V.- The olher three operational amplifiers, those
having smaller output voltages, will be disconnected from
the outpul bus by virtue of their having reverse-biased
dicdes in their oulput circuits.

Operational amplifier 70 has its inverling input connected
direcily 1o the output bus and is therefore configured as a
unity-gain voltage-follower amplifying the reference voli-
age Vg Operationa} amplifiers 72, 74, and 76 ulilize feed-
back resistors and are configured as inver(ing amplifiers;
cach amplifying the variable voltage V,; and each providing
a negalive incremental voltage gain given, respectively, by
lhe appropriate resistance raliv {R(96)/R(98)}, {R(100)/R
(102)}, or {R(104)/R(106)}.

The circuit of FIG. 6 functions as [ollows: For V>V, =
12.6 volts, the oulput vollage of operational amplifier 70 will
be larger than the outpul voltages of the other three opera-
tional amplifiers. Accordingly, the output bus will be con-
trolled by the unity-gain vollage-follower amplifier 70 so
that V=V, This region of conslant oulpul-vollage is
represented by segment 1 in the piecewise-linear transfer
function displayed in FIG. 5.

When V,, has decreased lo V,=12.6 volts, V, will have
become sufficiently less (han V, that the culput of inverting
amplifier 72 will equal lhat of amplifier 70. Thus, for
V<V, diode 108 will be reverse biased while diode 110
will be forward biased, and amplifier 72 will control the
oulpul bus. Due 1o the amplification of inverting amplifier
72, further decreases in V,,, will cause V10 increase with
incremental gain or “slope” of ~{(R96)/R(98)}. This region
of amplification, which conlinues unili] V, =V, is repre-
senled by segment 2 in FIG. 5.

When V,,, has decreased to V,,, V, will have decreased
sufficienily that the output of inverling amplifier 74 will
exceed that of amplifier 72. Diode 110 will therefore be
reverse biased while diode 112 will be forward biased, dnd
amplifier 74 will now conltro} the outpul bus, Due to the
amplification of inverting amplifier 74, further decreases in
V;, will cause V_, lo increase with the larger incremental
gain or “slope” of —{R(100)/R(102)}. This region of ampli-
ficalion continues umtil ¥V, =V, and is represented by seg-
ment 3 in FIG. 5.

When V,, has decreased to V_, V. will have decreased
sufficiently thal the oulpet of inverling amplifier 76 will
exceed that of amplifier 74, Diode 112 will (herefore be
reverse biased while diode 114 will be forward biased. Thus,
amplifier 76 will now control the output bus. Due (o the
amplifying action of inverting amplifier 76, any furlher
decreases in V,, will cause V,,, lo increase with the still
larger incremental gain or “slope” —{R(104)/R(106)}, This
region of largest amplification is represented by segment 4
m FIG. 8.

Finally, for V;,<Vp, the defived voltage V., will be less
Iban the lapped-down reference vollage exisling at the point
of interconnection of resistors 88 and 90. Under (hesc
special conditions, the noninverting inpul of comparalor 78
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will be at a lower potential than the inverting input thus
causing comparator 78’s oulput to be in a “low” state. As a
consequence, LED 66 will be lit to provide an indication to
the user that the batlery must be recharged before it can be
tested. In addition, output line 62 will be in a “low” state,
lhus disabling chopper switch 34 and preventing any quali-
tative or quantitative dymamic conduclance information
from being conveyed lo the user,

FIG. 7 discloses a complete schematic diagram of a first
embodiment of an improved elecironic battery tesling/
monitoring device with automatic state-of-charge compen-
sation configured or tesling/monitoring 12-volt ballerics in
accordance with the prescnt invention. Operational ampli-
fiers 120, 122, 124, and 126 comprise four clements of a
quad operational amplifier integrated cireuit, ICI. Bilateral
analog swilches 34 and 128 comprise two clements of a quad
CMOS bilateral switch integrated circuil, IC2. Operational
amplifiers 70, 72, 74, and 76 comprise four elements of a
quad operational amplifier integrated circuit, IC3. Compara-
tor 78 comprises one clement of a quad comparator inte-
grated circuit 1C4. All four integrated circuits, IC, 1C2, [C3,
and IC4 are powered by means of common power
connections, V* 130 and V- 132, connecled to the batlery
undergoing test 24 through batlery contacts 134 and 136,
respeclively.

High-gain amplifier cascade 12 of FIG. 3 comprises
aperational amplifier 120 and npp transistor 138 connecied
as an emilter follower. Resistor 140 conducts a dc bias
voltage to the noninverting (+) input of operational amplifier
120 from voltage divider resistors 142 and 144 which are
connecled to ballery 24 through battery contacts 146 and
148. The outpui vollage of high-gain amplifier cascade 12 is
established across external-path feedback resistor 22. An
internal Ecedback path comprising resistors 150 and 152
conducts the dc vollage at the common connection belween
lhe emitter of npn iransistor 138 aond resistor 22 1o the
inverting (-) input of operational amplifier 120, Resistors
150 and 152 along with capacitor 154 comprise low-pass
filter 18 of FIG. 3.

The ac signal vollage developed across battery 24 is
sensed at batiery contacts 146 and 148 and added in series
to an inpul signal vollage component cstablished across
viewing resistor 156, The resullant composite ac signal
voltage is coupled lo the differential inpul of operational
amplifier 120 by means of a capacitive coupling network
comprising capacitors 158 and 160. A feedback current that
is proporlional to the voltage established across resistor 22
passes through battery 24 by means of external feedback
path conductors 162 and 164 along with battery contacts 134
and 136.

An ac square-wave input signal voltage is established
across viewing resistor 156 and is formed by the action of
oscillator 32, chopper switch 34, and correction amplifier
36. Oscillator 32, which generales a 100 Iz square-wave
synchronizing signal, is a conventional a slable multivibra-
tor comprising opetational amplifier 122 along with resistors
168, 170, 172, 174, and capacitor 176. The synchronizing
output signal of oscillator 32 is conducted to the control
input of chopper switch 34 through resistor 178.
Accordingly, chopper swilch 34 turns on and off periodically
al a 100 Hz rate. The signal terminals of chopper switch 118
interconnect the de signal output 40 of correction amplifier
36 with the input lead of trimmer polentiometer 180 used for
initial calibration adjustment. The signal voltage across
trimmer polentiometer 180 therefore comprises a 100 Hz
square wave having amplitude proportional to the dc output
voltage of correclion amplifier 36. A signal current propor-
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tional to the signal oulput veltage of trimmer potentiometer
180 passes through injeclion resistor 184 and is injected into
viewing resislor 156 Lhereby developing a 100 Hz signal
voltage across viewing resisior 156. "

By wvirtue of the action of correction amplifier 36
described with reference to FIG. 6, the signal voltage across
viewing resistor 156 will contain an awtomatic correction for
the state-of-charge of the' battery undergoing test. If,
bowever, the battery’s state-of-charge is 1oo low for an
accurate baltery assessment to be made, the correction
amplifier’s output lines 62 and 64 will be in logic low states.
These output lines will, in turn, pull the control inpul of
chopper switch 34 low and pull the cathode of LED 66 low.
As a resull, chopper switch 34 will be disabled so thal no ac
signal will be injected into viewing resistor 156, and LED 66
will light to indicate to the user that the batlery must be
recharged before a dynamic conductance test can be per-
formed.

Analog switch 128 along with operational amplifier 124,
which is conaecled as an integrator, comprise synchronous
detector 48 of FIG, 3. Resistor 194 and bypass capacilor 196
comprise a low-pass filler which biases the noninverting
input of operational amplifier 124 to the voltage level of the
de bias component developed across feedback resistor 22, A
signal current derived from the lotal voltage at the common
connection belween resistor 22 and transistor 138 passes
through resistor 198 and analog swiich 128 to the invertihg
input of operational amplifier 124. This signal current is
periodically interrupted at the oscillalor frequency by virtue
of the control input of analog switch 128 being connected to
the synchronizing oulput of oscillator 32. Resistor 200
provides negalive dc feedback to operational amplifier 124.
Integration capacitor 202 serves to smooth the detected
voltage signal outputted by operational amplifier 124,

The noninverting input of operational amplifier 126 is
biased to the de level of the neninverting input of operalional
amplifier 124 while the inverting input of operational ampli-
fler 126 is connected to SFDT selector switch 206.
Accordingly, a de current proportional to the detected signal
voltage at the output of operational amplifier 124 passes
thraugh milliammeter 60 1o the outpul of operational ampli-
fier 116 by way of one of the two paths selected by selector
swilch 206. With switch 206 in position 1, the meler current
passes through fixed resistor 208. Under these conditions,
the disclosed invention emulates a direct reading battery
tesling device providing a quantitative output displayed in
baltery measuring units that are propertional lo the dynamic
conduclance of battery 24. With swilch 206 in position 2, the
meler current passes through fixed resistor 210 and variable
resistor 212. Under these conditions the disclosed invention
emulales a qualitalive, “pass-fail”, battery lesting device
having a manually adjusted baltery rating scale that is
lincarly related to the setting of variable resistance 212, and
a rating offsel that is determined by the wvalue of fxed
resistor 210,

‘The improved battery testing/moniloring device embodi-
ment having automatic compensation for low state-of-
charge disclosed in FIG. 7 is operated as follows: The
operator simply connects the device to the battery undergo-
ing tesl and selects one of the two positions of seleclor
swilch 206. If posilion 1 is selected, meter 60 will display
the baltery’s quantitative condition in appropriate battéry
measuring units—with the displayed quantitative resulis
having been automatically adjusted Lo conform with those of
a fully-charged battery. If switch 206 is in position 2, and
variable resistance 212 has been sel in accordance with the
battery’s raling, meier 60 will display the battery’s qualita-
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tive (“pass/tail”) condition. Again, the displayed resulls will
have been automatically adjusted to conform with those of
a fully-charged battery. With either selection, if the batlery’s
stale-of-charge is too low for an accurate assessmenl to be
made, no information will be displayed 1o the user. Instead,
an LED will light (o indicate to the user that the battery must
be recharged before testing.

Table Il contains a listing of component types and values
for the first embodiment of an improved electronic battery
testing/monitoring device with automalic compensation tor
low state-of-charge disclosed in FIG. 7.

TABLE i

Component Types and Values for Circuil of FIG. 7

REFERENCE NUMBER COMPONENT

Semiconduclor Devices

120, 122, 124, 126 [C1 - LM324N

34,128 [C2 - CD4066B

10, 72, 14, 76 1C3 - LM324N

B [C4 - LM339

80 IC5 - LM336-2.5

138 TIP31C Power

Transislor

108, 110, 112, 114 1N4148 Dicdes

66 T-1 % LED
Resislors - Ohms (%-W unless specified)

22 220 - 5 Watts

82 47K

84 536K

86 6.19K

88 604K

90 200K

92 225K

94 576

96, 100, 104 1.00M

93 i74K

102 49.9K

106 137K

116, 142, 144 10K

156, 210 100

208 470

212 S00 VYariable

180 10K Trimpot

184 470K

1490, 200 47K

178, 194, 198 100K

172 150K

174 270K

150, 152, 168, 170 1 Meg

Capacilers - Mfd

176 0.022

154, 158, 160, 196 047

202 1.0
Meler

204 1 mA de milliammeter
Swilch

206 SPDT

Frequently, modern batteries are designed for specific cost
targets and specific applications. For example, a low cost
batlery which may be used in warmer climates may have a
lower plate count (less active material surface area) for its
size as compared lo a colder climate battery which costs
more and has a higher plale count (more plates per acid
volume). The low plate count batlery may consume all plate
surface area by the lime the battery discharges to a voltage
of only about 12.4 volis, while the battery with a relatively
higher plate count will be able to provide power at much
lower voltages. A wide variety of different battery types are
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available, using different lechnologies and construction
techniques. The various batlery types have different rela-
tionships between the battery’s open circuit voliage and its
relative dynamic conductance. Therefore, using a single
“standard” state-of-charge correction factor curve for all
battery types can tend to overcompensate some ballcrles,
while uudercompcnsatmg other batteries.

In order to improve the accuracy of the state-of-charge
correction of the present invention, a potentially infinite
number of different stale-of-charge correction factor curves,
corresponding to different battery types, can be used. Like
the single correction faclor curve approach, the multiple
correction factor curve approach of the present invention
uses empirical data to establish the correction factor curves
in the manoer described above. From a practical standpoint,
il has been observed that a relatively limited number of
correction factor curves can be used by establishing catego-
ries of batlery types which tend to respond in the sape
manner. The exact number of curves can be varied to
increase the accuracy of the correction.

FIG. 8 is a graphical plot, similar to FIG. 4, illustrating
state-of-charge correction factor curves for five different
types of batteries. These five ballery types, ordered from the
Targest to the smallest ratio of plale area 1o acid volume, are
designated:

Acid Starved (“Deep Cycle™)

Acid Limited (“Standard™)

Acid Balanced

Acid Reserve

Acid Flooded (“Utility™)

The five curves of FIG. 8 were cach determined empiri-
cally from experimental data in the same manner as is
described above wilh reference to the single “standard”
curve of FIG, 4. Similar to the approximation discussed
above with reference to FIG. 5, each of the correction factor
curves illustrated in FIG. 8 can be described using seg-
menled piecewise-linear approximations for implementation
by the electronic testing devices of the present invention.

The invention provides for the use of one of the standard
curves illustrated in FIG. 8, or for the use of one of an
infinite variety of curves, as is required Lo best represent the
battery being tested. Theoretically, every battery type or
style in existence can be accurately correlated to a specific
correction factor curve, so long as the specific battery type
can be identified by a stock number or by other identifying
codes or designations.

In some embodiments of the present invention, in addition
1o a compensation factor curve being chesen which most
closely represents the characteristic pesformance of the
battery being tested, a threshold voltage for the battery being
tested is also selected. Recall that the threshold voltage is the
open circuit vollage, for a particular battery type, below
which an indication should be given that the batlery must be
charged before tesling can be continued. A wide varicty of
correction factor functions or look-up tables and threshold
voltages can be programmed inte a microprocessor in the
testing equipment. The parlicular battery type (B) is identi-
tied to the baltery lester. By ulilizing the particular correc-
tion factor function and threshold voliage most closely
correlated 1o the specific baltery type being tested, the
“fully-charged” dynamic conductance can be more accu-
ratcly determined and a more accurate indication of the
condition of the baltery can be given.

FIG. 9 discloses a simplified block diagram of another
embodiment of an improved electronic baltery lesting/
monitoring device with automatic compensation for low
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state-of-charge. This embodiment eliminates the correction
amplifier 36 and chopper switch 34 of the first embodiment
disclosed in block diagram ferm in FIG. 3. Instead, it
contains & microprocessor represented generally by block
220 of FIG. 9. Further, this embodiment allows the auto-
matic slate-of-charge compensation 1o be tailored for the
specific battery type. Microprocessor block 220 includcs all
of the usnal clements which comprise a microprocessor
system such as the requisite logic elements, a clock
oscillator, a random access memory, a firmware program
contained in read-only memory, and, of course, the proces-
sor itself. The memory and other components can be inte-
grated with the microprocessor, or they can be distinct
external components coupled the microprocessor for opera-
lion therowith, With the embodiment of FIG. 9, the appro-
priate correction for low state-of-charge is performed by
microprocessor biock 220 under the control of the firmware
program contained therein.

Microprocessor block 220 is programmed with functional
representations of multiple state-of-charge correclion factor
curves, such as those illustrated in FIG. 8, for a number of
different battery types (B). Alternatively, MICIOProcessor
block 220 can be programmed wilh look-up table data
representalive of multiple state-of-charge correction factor
curves. Further, voltage threshold values, below which the
battery must be recharged prior to testing, are programmed
into microprocessor block 220. The voltage threshold values
and the state-of-charge correction factor functions, curves,
ot look-up tables can be stored for example, in the ROM or
RAM associated with microprocessor block 220.
Alternatively, this data can be programmed into EEPROM
type memory devices. Further, this data can be updated or
altered using a keyboard, 2 modem communication link with
another system, and/or with any other type of suitable input
device.

Battery type information is provided to microprocessor
block 220 at input 300 using input device 301. Input device
301 can be a keypad entry device, a barcode reader, a menu
driven terminal or any other type of input device adapted tor
supplying batlery type information aboui the battery being
lested to microprocessor block 220. Baltery type related
information B can include battery manufaclurer scrial
numbers, model information, manufacturer data, battery
ratings in cold cranking amps (CCA), vehicle identification
numbers or any other information or format which can be
used (o inform microprocessor block 220 of the particular
type, class, group or characteristics of the battery being
\ested. With battery type information provided to micropro-
cessor block 220 at inpul 300, microprocessor block 220 can
tailor the state-of-charge correction by selecting an appro-
priate correction factor function and threshold vollage which
most closely correlate {o the battery type of the particular
batlery being tested.

Adescriplion of operation of most of the elements of FIG.
9 parallels the description of operation of the embodiment
discloscd in FIG. 3. Signals representalive of the signal al
output 10 of high-gain amplifier cascade 12 are fed back Lo
input 20 of high-gain amplifier cascade 12 by means of two
feedback paths; internal feedback path 14 and ecxlernal
feedback path 16. Internal feedback path 14 includes low
pass filter (LPE) 18 and feeds signal voltage directly back
1o input 20 of high-gain amplifier cascade 12. External
fecdback path 16 contains resistive network 22 and feeds a
signal current back to the battery undergoing test 24. Sum-
malion circuitry 26 combines the resulting signal voltage 28
developed thercby across battery 24 with a periodic square-
wave signal voltage 30.
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In the embodiment of FIG. 9, signal voltage 30 simply
comprises the constant cutput signal of oscillator 32. The
oscillation frequency of oscillator 32 may, for example, be
100 Hz. This periodic signal voliage is presented to sum-
mation circuitry 26 along with the signal voltage 28 devel-
oped across battery 24, the resulting composite sipnal volt-
age 44 at the outpul of summation circuilry 26 is then
capacitively coupled to input 20 of high-gain amplifier
cascade 12 by means of capacitive coupling network 46.
Accordingly, the valtage at output 10 of high-gain amplifier
cascade 12 comprises a constant de bias component along
with an ac signal component that is proporiional to the
dynamic conductance G, of the battery undergoing test 24
The constant dc bias component is ignored while the vari-
able ac signal component is detected and accurately con-
verted 1o a de signal voltage by synchronous delector 48,
synchronized to the oscillator by means of synchronizing
path 50.

The dc signal level at output 52 of synchronous detecelor
50 is proportional to the battery’s dynamic conductance G,.
This znalog voltage is converted 1o a corresponding digital
representation of G, by analog to digital (A/D) converler
223 and then inpulted to microprocessor bleck 220 through
input port 224. In addition, the baltery’s unloaded voltage V,
is connecled via dc path 38 o the input of analog lo digital
converter 226. A corresponding digilal representation of V,
al the output of A/D converler 226 is thercby inpulted to
microprocessor block 220 through input port 228.

By programmed algorithmic techniques that are well-
known lo those skilled in the art, the microprocessor’s
firmware program utilizes the digital representation of V, to
corsecl the digital representation of G, for the battery's
state-of-charge. This can be done, for example, by inputting
V, lo a “look-up lable” whose outpul is the corresponding
correction factor F, and then multiplying G, by the resulting
factor F to obtain the corrected conductance value, G,
(12.6). Alternatively, the appropriate value of G, (12.6)
could be calculated directly by numerically evaluating the
reciprocal of the empirical relationship disclosed in Equa-
tion 1. In either case, in preferred embodiments, the micro-
processor uses the batlery type information from input
device 301 provided at input 300 to tailor the state-of-charge
correclion by selecting the appropriate correction factor
function and threshold voltage which most closely correlate
1o the baktery lype. .

In order to emulate a quantitative-type elecironic baltery
lester, a numerical value proportional to G, (12.6) is out-
putted and displayed on a digital display such as 236
interfaced through output port 234, or printed by a printer
such as 240 interfaced (o microprocessor 220 through output
port 238. In addition, whenever Y, is less than a predeler-
mined minimum value determined as a function of the
particular type of baitery being tesied, the firmware program
suppresses the numerical display and instead provides an
indication to the user that the batlery must be recharged
before testing, This special information can, for example, be
displayed by digital display 236, printed by printer 240, or
conveyed 1o Lhe user by an LED 66 interfaced to micropro-
cessor 220 through output port 242.

For emulation of a qualitative (“pass/fail”) electronic
battery tester, Lhe battery’s rating is first inputted to micro-
processor 220 through an input device such as a shafl
encoder 230 interfaced to microprocessor 220 through input
port 232. A dial associaled with shaft encoder 230 is
calibrated in baltery rating units such as cold cranking
ampéres ot ampere-hours. By programmed algorithmic tech-
niques that are well-known to those skilled in the art, the
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microprocessor’s firmware program then directs micropro-
cessor block 220 to compare the dynamic conduciance
corrected for slate-of-charge, G, (12.6), with a reference
value appropriale to the inpuited battery rating and to output
the resulting pass/fail information 1o the user. This qualita-
live output information can, for example, be displayed by
digital display 236, printed by printer 240, or conveyed (o
the user by an LED 246 intecfaced to microprocessar 220
Ikrough output port 244, Again, if V_ is Jess than a prede-
termined minimum value, the displayed information is sup-
pressed and the user is informed that the battery must be
recharged before testing. This special information c¢an, for
example, be displayed by digital display 236, printed by
printer 240, or conveyed 1o the user by LED 66.

FiG. 10 discloses a simplified block diagram of another
cmbodiment of an improved elecironic batlery lesting/
moniloring device with batltery-type specific automatic com-
pensation for low state-of-charge. Like the embodiment
disclosed in FIG. 9, this embodiment employs a micropro-
cessor block 220 to implement the appropriate correction for
low staie-of-charge. It differs from the embodiment of FIG.
9, however, in that the hardware inputs a digital represen-
tation of the batiery’s dynamic resistance R, lo micropro-
cessor 220 whichi then ulilizes its firmware program 1o
calculate the reciprocal quantity, the battery’s dynamic con-
ductance G,=1/R,, as well as to cormeel for the battery’'s
state-of-charge.

The hardware disclosed in FIG. 10 functions as follows:
Oscillator 32 generales a periodic square-wave signal 42
which is inputted directly to current amplifier 244. The
oscillation frequency of oscillator 32 may, for example, be
100 Hz, The output of current amplifier 244, a periodic
signal current 246, then passes through battery 24, By virlue
of the fact that the output resistance of current amplifier 244
is much larger than the battery’s dynamic resistance R, the
amplitude of signal current 246 will be virtually independent
of R,. Accordingly, the resultant ac signal vollage 248
appearing across the batlery’s terminals will be directly
proportional (o the battery’s dynamic resistance R,. Capact-
live coupling network 250 couples the ac signal voltage 248
to input 252 of voltage amplifier 254, This coupling network
suppresses the battery’s dc terminal vollage bul permils
amplification of the ac signal vollage by voltage amplifier
254. The output voltage 256 of voltage amplifier 254 pro-
vides the input 1o synchronous detector 48 which is syn-
chronized to oscillalor 32 by means of synchronizing path
50. Accordingly, a de signal voltage 52 appears at the oulput
of synchronous detector 48 thal is directly proporlional to
lhe battery’s dynamic resistance R,

‘The analog voltage 52 is converted 1o a corresponding
digital representation of R, by analog to digital (A/D)
converter 222 and then inpulted to microprocessor block 220
lhrough input port 224. In addition, the bastery’s unloaded
voltage V_ is connected via dc path 33 to the input of analog
lo digital converler 226. A corresponding digital represen-
talion of V , at the output of A/I) converter 226 is thereupon
inputted to microprocessor block 220 through input port
228.

As was the case with the baitery tester of FIG. 9, battery-
type information is provided to the microprocessor at input
300 using input device 301. Microprocessor block 220 then
uses this information to select one of a number of conversion
functions or look-up lables to be used in the state-of-charge
correction step. By programmed algorithmic techniques that
are well-known to those skilled in the art, the microproces-
sor’s firmware program directs microprocessor block 220 o
invert the digital representation of R, to obtain a digital
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representation of the battery’s dynamic conductance G,. It
then utilizes the digital representation of V to correct the
digital representation of G, for the battery’s state-of-charge.
This can be done, for example, by inputting ¥, to a “look-up
lable” whose output is the corresponding correction Factor F,
and then multiplying G.. by the resulting factor F to oblain
the corrected conductance value, G,(12.6); or by computing
G,(12.6) directly from is the reciprocal of the empirical
relationship disclosed in Equation 1. Alternatively, a cor-
rected value of R, R,(12.6), can be computed first and then
algoritbmically inverted 1o obtain G,(12.6).

In order o emulate a quantitative-type ¢lectronic battery
tester, & numerical result proportional to G,(12.6) is outpyl-
ted and displayed on a digital display such as 236 interfaced
through output port 234, or printed by a printex such as 240
interfaced to microprocessor 220 through output port 238. In
addition, whenever V, is less than a predetermined mini-
mum value, preferably specific to the particular type of
battery being tested, the firmware program suppresses the
numerical display and instead provides an indication to the
user that the battery must be rechasged before testing, This
information can, for example, be displayed by digilal display
236, printed by printer 240, or conveyed lo the user by an
LED 66 interfaced to microprocessor 220 through output
porl 242. .

For emulation of a qualitative (“pass/fail”) Lype of clec-
ronic battery tester, the battery’s rating is inputted 1o
microprocessor 220 through an input device such as a shaft
encoder 230 interfaced to microprocessor 220 through input
port 232, A dial associaled with shaft encoder 230 is
calibrated in battery rating units such as cold cranking
amperes or ampere-hours. By programmed algorithmic tech-
niques that are well-known o those skilled in the arl, the
microprocessor’s firmware program directs microprocessor
block 220 1o compare the computed guantity, G,(12.6), with
areference quantity appropriate to the inputted batlery raling
lo determine whether the batiery passes or fails. For a
computed quantity larger than the refercnce quantity, the
battery passes, Otherwise il fails. Alternatively, a compari-
son can be made belween (he computed quantity R, (12.6)
and a corresponding reference quantity appropriate (o the
inputted battery rating to determine whether the baltery
passes or fails. For a computed quantity less than the
reference quanlity, the battery passes. Otherwise it fails, In
either case, this qualitative information is outputted and
displayed by digital dispiay 236, printed by printer 240, or
conveyed (o the user by an LED 246 interfaced to micro-
processor 220 through output port 244, Again, if V,, is less
than a predetermined minimum value, the display of quali-
tative information is suppressed and the user is informed that
the batlery must be recharged before testing, This special
informaticn can, for example, be displayed by digital display
236, printed by printer 240, or conveyed 1o the riser by LED
66.

The improved eleclronic baltery tesling device of the
present invention, as illustrated in FIGS, 9 and 10, can also
be implemented using an analog circuit such as the one
illustrated in FIG. 3. FIG. 11 shows portions of one pessible
implementation of correction amplifier 36 from the elec-
tronic tesling device illustrated in FIG. 3. As shown in FIG,
11, correction amplifier 36 is, for ease of illustration, divided
into sections 36A and 36B. The DC terminal or open circuit
voltage V,_ is applied to section 36A of the correction
amplifier at input 38, Analog-to-digital converler 310 of
correction amplifier section 36A converts open circuit volt-
age V, 1o a digitally represenied value and provides this
digital value to microprocessor block 220 at imput 315.
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Microprocessor block 220 of correction amplifier section
36B uses battery lype informalion oblained at inpul 300
from input device 31 to select which of a variety of
stale-of-charge correction faclor curves, functions or look-
up tables best correlates to the particular type of battery
being tested. Microprocessor block 220 then provides a
digital signal at oulput 318 which is representative of a DC
voltage, derived from open circuil voltape V, having a
voltage level that is inversely related to V —and hence is
inversely related to the slate-of-charge of the ballery being
tested or monilored. Digital-to-analog converter 320 then
converls the derived voltage into analog signal 40. Porlions
36A and 368 of the correction amplifier illustrated in FIG.
11 can be used as correction amplifier 36 in the device
shown in FIG. 3 to provide baltery-type specific compen-
s2ti01.

Additionally, microprocessor block 220 shown in FIG. 11
can be uscd to form a variety of other functions. For
example, chopper disable signal 62 from correction ampli-
fier 36 can also be provided as an gulput of microprocessor
block 220. Further, from FIG. 3, the output of DC milliam-
meter 60 can be provided to analog-to digital converler 330
for conversion (o a digilal signal which is supplied at input
332 to microprocessor block 220. Thus, the output reading
of DC milliammeter 60, which is proportional to the cor-
rected dynamic conductance of the battery, can be provided
to microprocessor 220. Hence, microprocessor 220 can use
this information to provide outputs 244, 234, 238 and or 242
of the type shown in FIGS. 9 and 10. Thus, LEDs, displays
and or printers can be controlled by microprocessor block
220 to display the resulls of the ballery test.

Additionally, il is possible to implement the multiple
slate-of-charge correction factor curve approach of the
present invention with limited or no use of a microprocessor.
Yor example, each of mulliple correction amplifiers 36 of the
type illustrated in FIG. 6 can be separately tailored for use
with different battery types to implement a corresponding
slate-of-charge correction factor curve. Then, a
microprocessor, 4 manually controlled swilch, or other con-
trol devices can be used 1o switch the appropriale correction
amplifier into the circuit, In the alternative, a single correc-
tion amplifier of the type illustraled in FIG. 6 can be used
with selectable components to achieve various piece-wise-
linear curves, depending on the ballery type being ested.

Although three specific modes for carrying out the inven-
tion hercof have been described, it should be understood that
many modifications and variations can be made without
departing from what is regarded to be the scope and subject
matter of the invention. For example, the invenlion may
comprise a single, self-contained, mstrument that is tempo-
rarily connecied to the batlery to test the battery on-site,
Alternatively, the device may comprise a monitoring device
that s semi-permanently connected (o the baltery to provide
continuous menitoring of the battery’s condition at a remote
location. In this lalter case, the device will probably be
scparated inlo two parts—one parl connected to the battery
and localed at the battery’s site; the other part containing the
remote display and located at the remote location, The
division between lhe two parts can be made somewhat
arbitrarily. Further, the device can measure either the
dynamic conductance of a batlery, or the dynamic resisiance
of the battery. Therefore, as used herein, the term “dynamic
battery parameter” is intended 1o refer o eilher the dynamic
conduclance or the dynamic resistance of a battery. We
contend that all such divisions, modifications, and vatialions
fall within the scope of the invention disclosed herein and
are therefore intended to be covered by (he appended claims.
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Although the present invention has been described with
reference 1o 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 device for monitoring or testing 2 battery
baving one of a plurality of battery types associaled
therewith, comprising;

inpul circuitry for receiving information related to the

lype of the baitery,

dynamic batlery parameter delermiming circuilry for

delermining an inlermediate dynamic parameter of the
battery;

open <ircuil voltage sense circuitry coupled to the battery
for sensing an open circuit voltage of the battery; »

correction circuiry coupled 10 the dynamic battery
parameter delermining circuitry, to the open circuit
voliage sense circuitry and to the inpul circuilry which
adjusts the determined intermediate dynamic parameler
based upon the batlery type information and upon a
value of the open circuil vollage of the baltery;

output circuitry coupled to the correction circuilry for
providing test results indicative of the condition of the
batlery, wherein the test resulls are provided as a
function of the adjusted intermediate parameler.

2. The electronic device of claim 1 wherein the test results
comprise qualilative results in conformance with the
adjusted intermediate dynamic parameter relative 1o a ref-
erence dynamic parameter value.

3. The electronic device of claim 1 wherein the correction
circuitry comprises a microprocessor and wherein digital
representations of the open circuit voltage and the interme-
diale dynamic parameter are both inputted 1o the micropro-
cessor and combined algorithmically to adjust the inlerme-
diate dynamic parameler.

4. The electronic device of claim 1 wherein the output
circuitry provides a special indication when the open circuil
voltage is less than a predelermined value and suppresses the
test results when the open-circuit voltage is less than the
predetermined value.

5. The electronic device of claim 1 wherein the dynamic
battery parameter determining circuitry comprises:

a lime varying current source coupled to the batiery for

providing a current therethrough;
vollage response sense circuitry for sensing a response
voltage belween two terminals of the battery developed
in response 10 the curcent flowing therethrough; and

detection circuilry coupled lo the semse circuitry [or
determining the intermediate dynamic parameter of the
batlery based upon the current and the sensed response
voltage.

6. The electronic device of claim 5 wherein the (ime
varying current source comprises a load.

7. The electronic device of claim 1 wherein the dynamic
battery parameter determining circuilry comprises:

a time varying voltage source for applying a time varying

voltage belween two lerminals of the batiery;
current response sense circuitry for sensing a current
flowing through the ballery developed in response to
the time varying vollage applied therelo; a

detection circuilry coupled lo the sense circuitry for
determining the intermediate dynamic parameter of the
battery based upon the time varying voltage and the
sensed response current.
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8. The electronic device of claim 7 wherein the current
response sens¢ clrcuilry senscs current flowing through a
load.

9 The electronic device of claim 1 wherein the inlerme-

diate parameter of the battery is a dynamic conductance of 5

(he battery, and wherein the correction ciceuilry adjusts the
dynamic conductance in inverse correspondence with the
value of the open circuit voltage of the battery.

10. The electronic device of claim 9 wherein the test

results comyprise numbets proportional 1o the adjusted inter- 10

mediate dynamic conductance,

20

11. The electronic device of claim 1 wherein the inter-
mediate dynamic parameter of the battery is a dynamic
resistance of the battery, and wherein the correction circuifry
acljusis the dynamic resistance in direct carrespondence with
the value of the open circuit voltage of the battery.

12. The electronic device of claim 11 wherein the test
results comprise numbers inversely proportional 1o the
adjusted intermediate dynamic resistance.
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