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APPARATUS AND METHOD FOR SIMULATING A
BATTERY TESTER WITH A FIXED RESISTANCE LOAD

BACKGROUND OF THE INVENTION

The present invention relates to testing storage
batteries. More specifically the present invention
relates to simulating a battery tester with a fixed
resistance load such as a widely used Japanese load
tester that rates the strength of Japanese batteries
that are categorized under the‘ Japanese Industrial
Standard (JIS). The present invention simulates such
a device without invoking large current loads, yields
familiar results, utilizes an existing database and
provides more conclusive testing.

In general, battery state of health decisions
are based on battery rating standards. Japanese
battery manufacturers design and manufacture
batteries according to Japanese Industrial Standards
(JIS). Lead-acid storage batteries used for purposes
such as starting, lighting and ignition of
automobiles are defined by standard JIS D 5301. This
standard defines performance, testing, construction,
and labeling criteria for JIS rated batteries.

One type of Japanese battery tester uses
measurements of battery voltage under a resistive
load and subsequent recovery voltage to access the
viability of JIS rated batteries for further service.
This tester encompasses several ranges of Dbattery

sizes grouped by JIS numbers and multiple temperature
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ranges. Depending on .the response, the battery is

4

diagnosed, as “good,” “replace soon,” “replace,” etc.
Because this tester has a fixed load resistor
that discharges batteries at sizable rates (for
example, 150 amperes for 5-6 seconds), the tester is
rather bulky and may get hot with repeated tests.
Also, waiting for the completion of the load and the
recovery time takes a moderate amount of time and
further depietes battery charge. Further, this
tester has "voltage sensing leadé that are not
directly connected to the battery, and therefore the
cables must be ohmically perfect and the current must
be exactly known to give the correct voltage reading
at the battery terminals. Furthermore, 1if the tester
is to be powered by the battery to be tested, then
heavy loads can drain a weak or discharged battery
causing the tester to lose sufficient power to keep
its control circuits running thereby causing a reset.
Thus, it 1s desirable to obtain load test
results, that the above-described Japanese load
tester

, and

(0]

cther such load testers, are capable of
providing, using a more amenable testing technique.

SUMMARY OF THE INVENTION

A method and apparatus for simulating a battery
tester with a fixed resistance 1load, such as a
Japanese load tester that rates the strength of
Japanese Dbatteries that are categorized under the
Japanese Industrial Standard (JIS), are provided. The

method includes measuring a dynamic parameter of the
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battery and obtaining an open circuit voltage of the
battery. A <temperature of the battery is then
obtained. A load voltage of the battery is estimated
as a function of the measured battery dynamic
parameter, the open circuit voltage of the battery, a
load resistance value of the load tester and the
temperature of the battery. A bounceback voltage of
the Dbattery 1s then predicted. The  bounceback
voltage, the load voltage and the battery temperature
are utilized to rate the strength of the battery by
categories of JIS group size numbers for JIS rated
batteries. In addition, the apparatus and method of
the present invention can be employed for non-JIS
batteries by using reference CCA (cold cranking amps)

ranges for each group size.

DETATILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention provides an apparatus and
method for simulating a battery tester with a fixed

resistance load, such as a Japanese load tester that



L T e T s T e T e T e T e T e T e R T T e T e T e O e Y e T e T e T e T e, O e T e T e T e T e O e T e T e T e R T T T e T e T e T e T e T e R e B e I s |

O

(17) JP 2005-148056 A 2005.6.9

rates the strength of Japanese batteries that are
categorized under the Japanese Industrial Standard
(JIS). A battery tester of the present invention
assesses a dynamic parameter, such as conductance, of
a Dbattery rated according to Japanese Industrial
Standards (JIS) and, together with the resistance of
the tester load to be simulated, an open circuit
voltage and the temperature of the JIS rated battery,
outputs calculated wvalues that are used to rate the
strength of the JIS rated battery by categories of
JIS group size numbers. In addition, the tester can
be used for non-JIS batteries by using reference CCA
(cold cranking amps) ranges for eachrgroup size.

Figure 1 1is a simplified block diagram of
battery test circuitry 16 in accordance with an
embodiment of the present invention. Apparatus 16 is
shown coupled to Dbattery 12, which includes a
positive battery terminal 22 and a negative battery
terminal 24. Battery 12 may be a JIS rated battery or
a non-JIS rated battery such as a CCA rated battery.

O ver1d +
i lCul

K

Yy 16 operates in accordance wi
embodiment of the present invention and determines the
conductance (G) of battery 12, the open circuit voltage
(OCV) between terminals 22 and 24 of battery 12 and the
bounceback voltage (change in voltage after the
battery 1is initially released from a load until some
time later (for example, 3 seconds)) of battery 12.
Circuitry 16 includes current source 50, differential

amplifier 52, analog-to-digital <converter 54 and
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microprocessor 56. Amplifier 52 is capacitively
coupled to battery 12 through capacitors C; and C,.
Amplifier 52 has an output connected to an input of
analog-to-digital converter 54. Microprocessor 56 is
connected to system clock 58, memory 60 and analog-to-
digital converter 54. Microprocessor 56 is also
capable of receiving an input from input devices 66 and

Microprocessor 56 also connects to output device

N
o
[eX

~J
N

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

Circuitry 16 is connected to battery 12 through
a four-point connection technique known as a Kelvin

connection. This Kelwvin connection allows current I
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to be injected into battery 12 through a first pair
of terminals while the voltage V across the terminals
22 and 24 is measured by a second pair of
connections. Because very little current flows
through amplifier 52, the voltage drop across the
inputs to amplifier 52 is substantially identical to
the wvoltage drop across terminals 22 and 24 of
battery 12Z. The output oI differential amplifier 52
is converted to a‘digital format and is provided to
microprocessor 56. Microprocessor 56 operates at a
frequency determined by system <clock 58 and in
accordance with programming instructions stored in
memory 60.

Microprocessor 56 determines the conductance of
battery 12 by applying a current pulse I using
current source 50. The microprocessor determines the
change in battery voltage due to the current pulse I
using amplifier 52 and analog-to-digital converter
54. The wvalue of current I generated by current
source 50 1is known and 1is stored in memory 60.

1-

culates the conduc

.

tance of

}__l

MICITOpProcessor 56 Ca
battery 12 using the following equation:

Conductance = G = ﬂ

AV
Equation 1
where AI 1s the change 1in current flowing through
battery 12 due to current source 50 and AV is the
change in battery voltage due to applied current AI.

In a preferred empodiment of the present invention,
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the temperature of battery 12 is input by a tester
user through input 66, for example. In other
embodiments circuitry 16 also includes a temperature
sensor 74, coupled to microprocessor 56, that can be
thermally coupled to battery 12 to thereby measure a
temperature of battery 12 and provide the measured
battery temperature value(s) to microprocessor 56. In
one embodiment, the battery temperature is measured
using an infrared signal from the outside of the
battery. Microprocessor 56 can also use other
information input from input device 66 provided by,
for example, an operator. This information may
consist of the particular type of battery, location,
time, the name of the operator, battery group size
number, battery temperature, etc.

Under the control of microprocessor 56, battery
tester 16 estimates a load voltage of battery 12 as a
function of the battery conductance G (Equation 1), the
OCV, the resistance of the simulated tester load and
the Dbattery temperature. Further, battery tester 16

pr

1 -

ouncepack voltage of

nentioned abo

ve,

Q

edicts, as
the battery. The bounceback voltage, the load voltage
and the battery temperature are utilized by
microprocessor 56 of battery tester 16 to rate the
strength of the battery by categories of JIS group
size numbers. Details regarding the derivation of an
example algorithm utilized by battery tester 16 to
estimate the bounceback voltage and load voltage of

battery 12 are provided below. The algorithm included
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below was derived by analyzing a popular Japanese

battery load tester.

Analysis of Japanese Load Tester

The Japanese load tester requires the user,
after connecting the cable clamps to a battery, to
input the size of the battery and the temperature.
The user then pushes a start button. The tester puts
a load on a battery for 5-6 seconds and then records
the load voltage (LV) . It then looks at the
bounceback or recovery voltage 2.5 seconds later and
makes a decision about the battery.

As mentioned above, the wuser 1inputs battery
size. Specifically, batteries are input in 10 group
size ranges (0-9) that go in increasing cranking
power range. Each range, however, is strictly
associated with various JIS battery numbers printed
on the tester(s). Table 1 below shows the different

group slize ranges.

Table 1
Group JIS BATTERY NUMBER Cold
Size Cranking Amp
(CCA) range
0 26A17, 26A19, 26B17, 28A19, 28B17, 28B19, 200-250 cca
32C24
1 30A19, 32a19, 34A19, 34B17, 34B19, 36B20, 251-300 ccA
48B26
2 38819, 40B1S, 38320, 40B20, 46B24, 50D20, 301-350 cca

g — ™ ™ ™ M ™M™ /@ ;o e e e e
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55D26

42B19, 42B20, 44B19, 50B24, 55D23, 65D31 351-400 CCA
55B24, 65D23, 65D26, 75D31 401-450 CCA
60B24, 70D23, 75D23, 75D26, 80D23, 80D26, 451-600 CCA

85D31, 95E41, 100E41, 105E41, 110E41
90D26, 95D31, 105D31, 115E41, 115F51 601-750 CCA
115D31, 120E41, 130E41, 130F51, 145F51, 751-900 CCA

145G51, 155G51
150F51, 170F51, 165G51, 190H52 901-1050 CCA
180G51, 195G51, 210H52, 225H52, 245H52 1051+ CCA

As mentioned above,
user inputs temperature.

the user in four ranges

in addition to group size, the
The temperature is input by

{shown in Table 2):

Table 2
Temperature range {(degrees Celsius(°C))
1 0
2 10
3 25
4 “After Driving” (50)

The tester allows the battery to be tested down

to 11.5 wvolts (V) after

reported as low voltage, provided

provides enough voltage to support

the load. If indeed the

recovery where it 1is

then
that the battery

the tester during

voltage goes very low, the

load tester simply resets and reports nothing.
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A basic relationship between the group size (0-
9) and temperature (°C) for this <type of tester
follows the following relationship:
Good Voltage (Vg in Volts):
Vg = 8.8 + 0.1 * GroupSize + 0.02 * TempC

Equation 2

Where GroupSize = battery group size (Table 1
above)
TempC = battery 'temperature in degrees

Celsius (Table 2 above)
Replace Voltage (Vr in Volts):

Vr = Vg - 0.3
| Equation 3
However, Dbecause the battery may be discharged or
have other ©problems, the measured recovery or
bounceback voltage (BBV) 1is assessed and combined
with the group size criteria and temperature gives

the following (shown in Table 3 below) :

Table 3

mparison Result

LV >= Vg AND BBV >= 11.5V Good

LV < Vg AND LV >= Vr AND BBV >= 11.5V Replace Soon

LV < Vr AND LV >= 7V AND BBV >= 11.5V Replace

LV >= Vr AND LV < Vg AND BBV < 11.5V Attention

(Charge Soon)

LV >= 7V AND LV < Vr AND BBV < 11.5V Warning

(Charge and

Retest)
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LV < 7V (Normally the tester simply Fail/Replace

resets for lack of power. In such a (Charge and

case the battery is retested after Retest)
charging.)

Example Algorithm for Battery Tester of the Present
Invention

As mentioned above, the battery tester of the
present invention works by predicting the load
voltage (LV) using measured values of the battery's
OCV, conductance and temperature (measured or input
by the user).

To predict the load voltage in Volts, the
following relationship is used:

LV = Vact - I * R

Equation 4

Where Vact = activation voltage
I = load current
R = battery resistance

/TT
{

vact) can be estimated by:

<
joi]
0
ot
Il

K1 * OCV® + K2 * OCV + K3 * TempC - K4
Equation 5
where K1, K2, K3 and K4 are constants whose values
are selected based upon the type of battery tester
being simulated.
The Dbattery conductance (G) is measured as

described above using Equatjon 1. Using conductance
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measured at 100Hz, the battery resistance can be
estimated by:
R = K5/G + K6

Equation 6
where K5 and K6 are constants. However, because the
Japanese tester uses a fixed resistor for loading,
the current will wvary with the resistance of the
pattery. Therefore, the 1load current must first be
estimated. This <can Dbe carried out wusing the
following relationship:

I = Vact / (R + R1)

Equation 7
where Rl 1s the estimated resistance of the 1load
tester in ohms.

It was generally found that the 1load wvaries
between 110 - 160 amperes; if below 110 amperes the
load tester will reset. Therefore, the load voltage
can be predicted and used for assessing the battery
strength.

In addition, it was found that the recovery or

Q)

T~ o~ ——— e A1 2L ) L G
e preoatciLeau wilUlll

Q.

oltage (BBV) coul

second order equation using the open circuit voltage

and the temperature:

BBV = K7 * OCV + K8 * OCV - K9 + K10 * (TempC - KI11)

Equation 8

where K7, K8, K9, K10 and Kl1l are constants.
Therefore, using these calculations (Equations 1

and 4£-8), the values attained by the Japanese load

tester can be predicted without invoking a high load.
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Figure 2 1s a flowchart 100 showing steps of a
method of programming battery tester 16 in accordance
with an embodiment of the present invention. As shown
in flow chart 100, at step 102, mathematical
relationships to estimate the load voltage from the
conductance, temperature and OCV of the battery are
established (Egquations 1 and 4-7 above). At step 104,
a mathematical relationship to estimate bounceback
voltage of the battery 1s established (Equation 8).
At step 106, the mathematical relationships are
programmed into memory 60 of Dbattery tester 16. At
this point, battery tester 16 1is ready to estimate
battery load voltage and bounceback voltage and to
utilize the estimated Dbounceback voltage, the load
voltage and the Dbattery temperature to rate the
strength of the battery by categories of JIS group
size numbers.

Figure 3 1is a flowchart 150 showing steps of a
method of testing a battery in accordance with an
embodiment of the present invention. At step 152, a
dynamlc parameter of the battery is measured. At step
154, an open circuit voltage of the battery is
obtained. At step 156, a temperature of the battery
is obtained. At step 157, a value of tester load
resistance 1s set. This 1s a predetermined 1load
resistance wvalue that is appropriate for a load
tester being simulated. At step 158, a load voltage
of the battery 1s estimated as a function of the

measured battery dynamic parameter, the open circuit
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voltage of the battery, the load resistance and the
battery temperature. At step 160, a bounceback
voltage of the battery is predicted. At step 162, the
bounceback voltage, the load voltage and the battery
temperature are utilized to rate the strength of the
battery by categories of JIS group size numbers.
Different techniques, some of which are set forth
above, can Dbe employed to carry out the steps shown
in the flow chart of Figuré 3 while maintaining
substantially the same ~functionality without
departing from the scope and spirit of the present
invention.

Furthermore, because there is no load from the
tester of this invention, the tester can improve upon
the standard load tester by making judgements in
areas that would reset the standard load tester. In
particular, 1if the bounceback voltage 1s above 11.5V
and the 1load voltage 1is very low (<7V), such a
battery can be certain to be a cause for
“Fail/Replace.” If the bounceback voltage is below

Vv, the CV 1is greater than 11V

J

==

and the

’_.\
(@)l
O

1

[@]

. oa
voltage estimate 1s less than Vr then a judgement can
be deferred and the battery can be put in a “Charge
and Retest” category. In addition, the tester can
detect Dbatteries with probable shorts by finding
significant conductance when the OCV is less than
11V. These <can be placed in a “Fail/Replace”

category. If little conductance is present when the

voltage 1is very low, the battery can be placed in =z
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“Charge and Retest” category. The improved and more

specific comparisons and results are provided in

Table 4 below.

Table 4

Comparison

Result

LV >= Vg AND BBV >= 11.5V

Good

LV < Vg AND LV >= Vr AND BBV >= 11.5V

Replace Soon

LV < Vr AND LV >= 7 AND BBV >= 11.5V Replace
LV < 7V AND BBV >= 11.5V Fail/Replace
LV >= Vr AND LV < Vg AND BBV < 11.5V Attention

AND OCV >= 11V

(Charge Soon)

LV < Vr AND BBV < 11.5V AND OCV >=
11V

Warning (Charge
and Retest)

IF OCV < 11V AND CCA >= £ (GROUP SIZE)
(PROBABLE SHORT)

Fail/Replace

IF OCV < 11V AND CCA < £ (GROUP SIZE)

Warning (Charge
and Retest)

Although the example embodiments of the present

invention described above relate to estimating load

voltage from battery conductance measurements,

dynamic parameters other than battery conductance may
be utilized without departing from the spirit and
scope of the invention. Examples of other dynamic
parameters include dynamic resistance, admittance,

impedance, reactance, susceptance or their

combinations. In preferred embodiments of the present
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invention, battery tester 16 is relatively small and
portable.

The above embodiments of the present invention
are primarily described in connection with simulating
a Japanese load tester. However, the significance of
this present invention 1is not necessarily that it
mimics a Japanese tester, but that it mimics, in
general, any tester with a fixed resistance load. In
general, simulating a tester with a fixed resistance
load is a two stage process: (1) determining what
current will be drawn from the battery (Equation 7
above) and (2) determine what voltage the battery
will achieve under that 1load (Equation 4 above).
Many prior art algorithms assume that the 1load
current is defined and then the voltage is predicted.

Although the present invention has been
described with reference to preferred embodiments,
workers skilled in the art will recognize that
changes may be made in form and detail without

departing from the spirit and scope of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 1is a simplified schematic diagram
showing battery test circuitry in accordance with the
present invention.

Figure 2 1is a simplified block diagram showing
the steps of a method of programming a battery tes
in accordance with the present invention.

Figure 3 1is a simplified block diagram showing
the steps of a method of testing a battery in

accordance with the present invention.
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WHAT IS CLAIMED IS:

(a)

comprising:

(a)
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1. A method

2. A method

of testing a storage battery rated

using the Japanese Industrial Standard (JIS), the

method comprising:

measuring a dynamic parameter of the
battery;

obtaining an open circuit voltage of
the battery;

obtaining a temperature of the battery;
setting a predetermined load resistance
value;

estimating & load voltage of the
battery as a function of the measured
battery dynamic parameter, the open
circuit voltage of the Dbattery, the
load resistance value and the
temperature of the battery;

predicting a bounceback voltage of the
battery; and

utilizing the bounceback voltage, the

1 — o~ 1 PR | 4 TN~
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temperature to rate a strength of the
battery by categories of JIS group size

numbers.

of testing a storage battery

measuring a dynamic parameter of the

battery:;
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(b) obtaining an open circuit voltage of

the battery;

(c) obtaining a temperature of the battery;

(d) setting a predetermined load resistance
value;

(e) estimating a load voltage of the

pattery as a function of the measured
battery dynamic parametér, the open
circuit voltage of the battery, the
load resistance value and the
temperature of the battery;

(£) predicting a bounceback'voltage of the
battery; and |

(g) utilizing the bounceback voltage, the
load voltage and the battery

temperature to rate a strength of the

battery.
3. The method of claim 1 or claim 2 wherein setting
+h A mradat aoavrme maA T AAaA oA gt oan~na <ra Ty o Ay { AN
i1 tJ_LC\_AC Lo Lt LIl Luaudu LTcoLoLalicec vairLuc (=) bCJ:J A\
comprises setting the load resistance value to be
appropriate for a load tester being simulated.
4. The method of c¢laim 1 or claim 2 wherein the

obtaining the temperature of the battery step (c¢)
comprises receiving the temperature of the battery as

an input provided by a user.
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5. The method of claim 1 or claim 2 wherein the
obtaining the temperature of the battery step (c)
comprises receiving the temperature of the battery as

an 1input from a temperature sensor.

6. The method of claim 1 or claim 2 wherein the
dynamic parameter measurement step (a) comprises

determining a response of the battery to an applied

" current pulse.

7. The method of claim 1 or claim 2 wherein the
measured battery dynamic parameter value 1is battery

conductance.

8. The method of claim 1 or claim 2 wherein the
measured battery dynamic parameter value 1s battery

resistance.

9. An electronic battery tester comprising:

a positive connector coupled to a positive
terminal of the battery:;

a negative connector coupled to a negative
terminal of the battery;

a voltage sensor configured to measure an
open circuit voltage of the battery;

a 1input configured to receive a temperature
of the battery:; and

battery test circuitry configured to:
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(a) measure a dynamic parameter of the
battery using the first and second
connectors;

(b) estimate a load voltage of the
battery as a function of the
measured battery dynamic
parameter, the open circuit
voltage of the Dbattery, a load
resistance value and the
temperature of the battery;

(c) predict a bounceback voltage of
the battery; and _

(d) utilize the bounceback voltage,
the load voltage and the battery
temperature to rate a strength of
the battery by categories of JIS

group size numbers.

10. An electronic battery tester comprising:
a positive connector coupled to a positive

s R = ~
Lorallilal v
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a negative connector coupled to a negative
terminal of the battery;

a voltage sensor configured to measure an
open circuit voltage of the battery;

a 1input configured to receive a temperature
of the battery; and

battery test circuitry configured to:
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(a) measure a dynamic parameter of the
battery using the first and second
connectors;

(b) estimate a load voltage of the battery
as a function of the measured battery
dynamic parameter, the open circuit
voltage of the battery, a load
resistance value and the temperature of
the battery;

(c) predict a Dbounceback voltage of the
battery; and

(d) utilize the Dbounceback voltage, the
load voltage and the battery
temperature to rate a strength of the

battery.

11. The apparatus of claim 9 or claim 10 wherein the
input 1is configured to receive the temperature of the
battery from a user.

m
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input 1is configured to receive the temperature of the

battery from a temperature sensor.

13. The apparatus of claim 9 or claim 10 wherein the
battery test circuitry is configured to measure the
dynamic paraemeter step (a) by determining a response

of the battery to an applied current pulse.
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14. The apparatus of claim 9 or claim 10 wherein the
measured battery dynamic parameter is battery

conductance.

15. The apparatus of claim 9 or claim 10 wherein the
measured battery dynamic parameter is battery

resistance.

16. The apparatus of claim 9 or claim 10 wherein the
positive connector 1is a first Kelvin connector and

the negative connector is a second Kelvin connector.

17. A method of testing a storage battery
comprising:

(a) determining a value of load current that
will be drawn from the battery;

(b) determining the value of voltage that the
battery will achieve under the load
current; and

(c) utilizing the values determined in steps (a)

an (b) to rate a strength of the L

attery.

(o

18. A method of testing a storage battery
comprising:
(a) obtaining an open circuit voltage of
the battery;
(b) obtaining a temperature of the battery;

and

(c) predicting a bounceback voltage of the
battery as a function of the open
circuit voltage and the temperature of

the battery.
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ABSTRACT OF THE DISCLOSURE

A method and apparatus for simulating a battery
tester with a fixed resistance load, such as a widely
used Japanese load tester that rates the strength of
Japanese batteries that are categorized under the
Japanese Industrial Standard (JIS), are provided.
This invention simulates such a device without
invoking large current loads, yields familiar
results, utilizes an existing database and provides
more conclusive testing. The method includes
measuring an open circuit voltage (OCV), temperature
and a dynamic parameter of the Dbattery. A load
voltage of the battery is estimated as a function of
the measured battery dynamic parameter, the OCV, the
load resistance value of the load tester and the
battery temperature. A Dbounceback voltage (BBV) of
the battery 1is then predicted. The BBV, the 1load
voltage and the battery temperature are utilized to

rate the strength of the battery.
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