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cold cranking rating by drawing a predetermined load
current therefrom for a predetermined period of time

and determining whether the battery terminal voltage is
above a speci?ed level at the end of that period, (2)

whether the battery terminal voltage is above another
speci?ed level at the end of a predetermined period of
time following the completion of the ?rst test, and (3)
whether the internal resistance is acceptably ‘low. If the
battery passes the ?rst test, it is known to be acceptable.
If the battery fails the ?rst test and passes the second
test, it is known to be unacceptable. If the battery fails
the ?rst and second tests, the third test is performed. If
'the battery then passes the third test, it is known to be
acceptable but to require a recharge, whereas if the
battery then fails the third test the acceptability of the
battery is then not yet determined and it must be re

charged and retested.

19 Claims, 17 Drawing Figures
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the period was below a predetermined level, a hydrom

AUTOMATIC BATTERY ANALYZER

eter then was used to determine the state of charge of

‘BACKGROUND OF THE INVENTION

each one of the battery cells by measuring the speci?c
gravity of the acid within it. Typically with such tests,
if the temperature of the battery was other than 80
degrees Farenheit, in order to achieve accurate results
both the current load test and the speci?c gravity read

, This invention-relates to apparatus for automatically

testing electrical storage batteries and, in particular,
relates to apparatus for automatically testing lead-acid
storage batteries of the type conventionally used for
lighting, starting and ignition in the automotive ?eld.
The desirability of adequate methods and apparatus
for quickly, economically and simply determining the

ings had to be corrected for changes in temperature.
These measurements, the temperature correction, and
the ultimate determination of whether or not a battery
was an acceptable one, i.e., whether it needed to be

acceptability of electrical storage batteries has long

replaced, required some amount of training and skill.
Further, it required removal of the battery vent caps for
access to the liquid within the battery cells.
However, many automotive batteries commercially
available today are designed to operate for their entire

been known; the desire for such methods and apparatus
for use with lead-acid storage batteries of the type gen

erally used for lighting, starting and ignition in automo
tive applications has been particularly accute. Automo
tive batteries are required to operate under widely vary

lifetime with no or very infrequent replacement or re

ing loads and at widely varying temperatures. How

plenishment of the liquid contained within them and,

ever, the most severe condition which an automobile

thus, are provided with either no means for access to
battery in typical use must meet is the starting of an 20

the liquid contained within the battery or only limited

automobile engine at low temperatures. The electric
starter of an automobile is typically the largest single
load placed on the battery and at low temperatures the

means for such access suitable for only infrequent use.
For batteries such as these, testing apparatus must be

load is increased even further because of the increased

viscosity of the lubricants used in automobile motors.
Additionally, automobile batteries are typically least
able to deliver large amounts of current to heavy loads
at low temperatures. It-is, desirable, of course, for a
motorist to be able to quickly and easily determine

whether the battery of his automobile is in suf?ciently
good condition that it will be able to start that automo

bile under low temperature conditions without having
to await the occurrence of those conditions. It is impor
tant that methods and apparatus for testing the accept
ability of automotive batteries be reliable not only so
that motorists may be given a true indication of when
their batteries need to be replaced, but also because such
methods and apparatus are used by manufacturers and

25

provided which does not require access to the interior
of the battery. In general, the only way to test a battery
is then to measure its electrical parameters at the battery

terminals. A simple electrical load test with monitoring
of the terminal voltage as described above might be
used alone, but then each battery would have to be fully
charged prior to commencing the test, an undesirable
alternative because of the time required to properly

fully charge a battery.
Other battery~ testing methods and apparatus have, of
course, been proposed over the years as alternatives to
the load test described. Some such apparatus are de

scribed in U.S. Pat. No. 3,873,911 to Keith S. Champlin

dated Mar. 25, 1975, entitled “Electronic Battery Test

ing Device” and in a paper by Keith S. Champlin pur
portedly presented at the 197 5 SAE Off-Highway Vehi
such batteries need to be replaced under applicable 40 cle Meeting and available from the Society of Automo
warranty provisions. It is apparent that those in the
tive Engineers, Inc., 400 Commonwealth Dr., Warren
automotive battery businessdesire to have neither the
dale, Pa. 15096, and such devices are sold under the
dissatis?ed customers and attendant bad will resultant
name Electronic Battery Tester from Motorola, Inc.,
from supplying batteries to customers that pass the test
Automotive Products Division, 9401 West Grand Ave.,
measures used but will not perform acceptably and, in
Franklin Park, Ill. 60131, Models STE 2003 and
particular, will not start their customers’ automobiles
7BT1181W. Each of these apparatus is electronic in‘
under low temperature conditions, nor the unnecessary
nature and purports to measure the dynamic conduc
expense resultant from replacing under warranty provi
tance of the battery which is said to be proportional to
sions batteries that fail the test measures but would, in
the
maximum power available from the battery. The
fact, perform acceptably in use.
50
Motorola,
Inc. Electronic Battery Tester includes pro
In large measure because of the criticallity of the low
visions for indicating to the user a direct reading of the
temperature performance of automotive batteries, the
maximum power available from the battery or the bat
Battery Council International and the Society of Auto
tery terminal voltage and for comparing the measured
motive Engineers have developed a standard for auto
maximum
power with a value determined from the
mobile batteries known as the “cold cranking rating”. 55
manufacturer’s cold cranking rating to give the user a
The cold cranking rating of an automobile battery is
“pass-fail” indication. Apparatus are’ purportedly de
measured in amperes and is the current which the bat
scribed in US. Pat. No. 3,753,094 to Haruhisa Furuishi,
tery is able to deliver for a period of thirty seconds at a
et 211., dated Aug. 14, 1973, entitled “Ohmmeter for
temperature of zero degrees Farenheit without the bat
tery terminal voltage falling below a predetermined 60 Measuring the Internal Resistance of a Battery and
Directly Reading the Measured Resistance Value” for
level, which level in the case of conventional, six-cell,
measuring the internal resistance of a battery. However,
twelve-volt lead-acid storage batteries is 7.2 volts.
these apparatus and methods continue to have disadvan
One method for testing the condition of lead-acid
tages associated therewith. For example, the Motorola,
batteries which has been used for many years has been
to subject the battery ‘to a constant current load for a 65 Inc. Electronic Battery Tester referred to above may
give incorrect results immediately after the battery has
speci?c period of time ‘and measure the voltage across
sellers of automotive batteries to determine whether

the battery at the end of that period with the battery still
subject to the load. If the battery voltage at the end of

been subject to a high level charging current or when a

short exists in the battery.

4,193,025.

3

4

In the development of methods and apparatus.for,
testing batteries it is desirable to‘make effective‘use of as

vided by this‘invention ful?lling the above-mentioned

much information as may be obtained aboutthe condi-.

and other objects wherein the battery under test is ?rst

tion of the battery as possible but this, of course, must be
done within certain constraints as it is undesirable vthatL
the testing apparatus be unduly expensive or that the

for a predetermined period and determining at the end

Battery analyzing methods and apparatus are pro

subjectedto a load test by drawing current therefrom

of that period whether the battery terminal voltage is
above a ?rst speci?ed value; if the terminal voltage is
below that ?rst value, a second, voltage bounce-back
test is performed wherein the battery terminal voltage is

testing procedure consume an unnecessarily long period
of time. Further, in developing such methods and appa
ratus where a plurality of separate tests are performed
on the battery it is highly desirable that the tests be
structured in such a way as to prevent “looping”, i.e.,

measured again at the end of a second predetermined

period after the load has been removed and it is deter
mined whether the battery terminal voltage is above a
second speci?ed value; if the terminal voltage is below
that second value, an internal circuit characteristic of

the repetition of one or more test steps during a test

operation. Such repetition can be time consuming but
can also result in a failure of the test apparatus to arrive
at a de?nitive indication of battery acceptability if a

the battery is measured to determine whether the bat

condition should arise where the apparatus by normal

tery is discharged and merely requires to be recharged

operation was unable to get out of the loop and merely

or whether it should be recharged and retested. If the

continuously repeated the tests in the loop. In the devel
opment of battery testing methods and apparatus it is
also desirable to have the ultimate judgment of the
acceptability of the battery subject to as little operator
interpretation or judgment as possible. In particular, it is
desirable that battery testing apparatus be capable of use

?rst test is‘ passed with the battery terminal voltage at
the end thereof being above the ?rst speci?ed value, the
battery is known to be acceptable and further tests may
be dispensed with. If the ?rst test is failed, the condition

by relatively unskilled personnel.

of the battery is not known but if the second test is then

passed, i.e., the battery terminal voltage being above the
second speci?ed value at the end thereof, the battery is
25 known to be unacceptable and further tests may be

dispensed with. If the second test is failed, then the third

- ' SUMMARY

test is , performed and the results thereof indicate
whether or not the results from the previous two tests

It is, thus, an objectof this invention to provide meth4
ods and apparatusfor determining the acceptability of
electrical storage batteries which has particular applica
bility for use with lead-acid storage batteries of the‘type
conventionally used in the automotive ?eld.

were obtained only because the battery was discharged;
30 if that is the case the battery is known to be acceptable

and need not ‘be further tested but should be recharged
before being returned toservice, but if it is not the case,
the battery should be recharged and tested again. On

.

It is an object of this invention to provide such meth
ods and apparatus which are characterized by a high
degree of accuracy and reliability. ‘

'

‘

It is an object of this invention to provide such meth

retesting of a battery after recharging it, only the ?rst of
35 the three described tests need be performed as passage
or failure of that test is a positive indication of the ac

ods and apparatus which are characterized by'ease of

ceptability or unacceptability of the battery under test

use and a requirement of little or no interpretation by
the operator.

when the battery is known to be fully charged.

4

A more detailed explanation of methods and appara
tus embodying this invention will now be made with
reference to the attached drawing.

It is an object of this invention to provide such meth
ods and apparatus which take advantage of the maxi
mum of useful information which can be determined

from the electrical parameters of the batteries being

’ DESCRIPTION OF THE DRAWING

tested consistant with the economics involved and other '
FIG. 1 is divided into FIGS. la-le which disclose a
desiderata referred to above.
45 ?rst automatic battery analyzer making use of this in

It is an object of this invention to provide such meth

vention; .

ods and apparatus which require no access to the inte

FIG. 2 is divided into FIGS. 2a-2h which disclose a

rior of the battery.
It is ‘an object of this invention to provide such meth

second automatic battery analyzer making use of this

ods and apparatus which do not require complete re 50

charging of every battery prior to testing it and do not

otherwise require an excessive amount. of time to com;

FIG.,4 is divided into FIGS. 4a and 4b which disclose
the variations with battery temperature of certain of the
parameters associated with the automatic battery analy

It is an object of this invention to provide such meth
ods and apparatus wherein the accuracy or reliability

thereof is not impared by the charging history of the

zer of FIGS. 1 and 2 hereof.v

battery being tested.
It is an object of this invention to provide such meth
ods and apparatus .having fully automatic , operation
wherein a minimum of functions areperformed by the 60
.

H

-

,

a

.

H

;

.

It is an object of this invention to provide-such meth
ods and apparatus. including, means for automatically

compensating for the temperature of .the battery being
tested.

.

n

_

‘

~

‘

.

.

Further andadditional objects of this invention will
be apparent to those having skill in the art from this
speci?cation, the claims and the appended drawing.

~

FIG. 3 is divided into FIGS. 3a and 3b which disclose
a battery terminal connecting apparatus useful with the

automatic battery analyzer of FIG. 2 hereof; and

plete the testing procedure.

operator.

invention;

DESCRIPTION OF THE PREFERRED

EMBODIMENTS
There are disclosed in FIGS; 1 and 2 automatic bat

tery analyzers of this invention'which perform multiple
tests on the battery under test and compare the results

of those tests to predetermined standards in a speci?ed
and advantageous order. The‘ order in which the com
65 parisons are made is selected to maximize the informa

tion obtained concerning the battery under test within
the limitations .of the time available to make the tests
and the permissible costof the analyzer and to maximize

5
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the reliability of the results supplied by the analyzer

other side is coupled through the series combination of

within the same constraints. In the apparatus of FIGS. 1
and 2, the separate tests are made in the same sequence
as the order in which the various comparisons are made.

normally closed push button switch 20. A power supply

Thus, if the battery under test is determined to be good
or bad by any tests already completed, the analysis may
be terminated without performing the remaining tests.
The tests could be made in a different order.

As will be discussed in more detail subsequently,
three tests are performed by the apparatus of FIGS. 1
and 2 in the following order:
l. The battery is subjected to a load test to see if it

a fuse 16 and a power switch 18 to a ?rst terminal of a

22 is coupled between a.c. bus 14 and the ?rst terminal
of switch 20 and provides plus and minus direct current
potentials +V and -—V at two outputs thereof with
respect to a common output coupled to a circuit

ground. A transformer 24 has a primary winding cou
pled between a.c. bus 14 and the ?rst terminal of switch

20 and includes a secondary winding which provides
between two terminals thereof an alternating, low volt

age supply. One terminal of thatv secondary winding is

concurs with its cold cranking rating capacity. The

coupled to circuit ground, and the other is connected to
test is performed by placing a load across the bat
a terminal point VAC.
tery such that the battery delivers a speci?ed cur 15
The series combination of a normally open push but
rent to that load for a predetermined time period. If
ton switch 26, a normally closed ?rst set of contacts
at the end of that time period and with the load still
28-1 forming a part of a ?rst time delay relay 28, a
on the battery the battery terminal voltage exceeds
normally closed set of contacts 30-1 forming a part of a

a predetermined value, the battery is known to be
?rst relay 30 (FIG. 1b), a normally closed set of
acceptable and further tests may be dispensed with. 20 contacts 32-1 forming a part of a second relay 32 (FIG.
If the battery terminal voltage at the end of that
1d), and the coil of a third relay 34 are coupled in series
time period is less than the predetermined value, it
between the second terminal of switch 20 and ac. bus
is not known whether or not the battery is accept

able, as it might merely have been partially dis

14. A normally open ?rst set of contacts 34-1 is coupled
in parallel with push button switch 26, and a normally

charged. Circuitry is also provided for terminating

25 open second set of contacts 34-2 is coupled between a

this cold cranking power test if during the time the
battery is under load the terminal voltage falls

line 36 and the junction of switch 26 and contacts 28-1.

below a minimum value in order to avoid deeply

discharging the battery unnecessarily.

Contact sets 34-1 and 34-2 both form a part of relay 34.
The coil of a fourth relay 38 is coupled between line 30
and ac. bus 14, while a normally open ?rst set of

2. If the battery failed the cold cranking power test, it 30 contacts 38-1 forming a part of that relay is connected
is tested to see if the terminal voltage bounces back
between the second terminal of switch 20 and line 36.
to within a predetermined percent of its rated volt
One side of a normally closed second set of contacts
age after a predetermined time period. If the bat
32-2 forming a part of second relay 32 is coupled to line
tery failed the cold cranking power test but passes
36, while the other side thereof is coupled to ac. bus 14

this voltage bounce-back test, it is known that the 35 through the parallel combination of the coil of ?rst time
battery did not fail the cold cranking power test
delay relay 28 and the coil of a second time delay relay
merely because it was discharged and the battery
40. The series combination of a normally closed set of
is, in fact, an unacceptable one. If the battery fails
contacts 28-2 forming a part of ?rst time delay relay 28,
both the cold cranking power test and the voltage
a normally closed ?rst set of contacts 42-1 forming a
bounce-back test, its condition is still not known. 40 part of a third time delay relay 42, and a ?rst incandes
3. If the battery fails both the cold cranking power
cent lamp 44 is coupled between line 36 and ac. bus 14.
test and the voltage bounce-back test, the battery is
A normally open ?rst set of contacts 46-1 forming a part
tested to see if an internal circuit parameter of the
of a ?fth relay 46 (FIG. 10) is coupled in parallel with
battery is above or below a speci?ed value. The
normally closed set of contacts 28-2. The series combi
circuit parameter used in the apparatus of FIGS. 1 45 nation of a normally open second set of contacts 28-3
and 2 is the battery dynamic internal resistance or
forming a part of ?rst time delay relay 28, a normally.
conductance. If the internal resistance is above the
closed second set of contacts 46-2 forming a part of ?fth
speci?ed value, it is known that the battery needs
relay 46, and a second incandescent lamp 48 is also
to be recharged and retested. If the internal resis
coupled between line 36 and a.c. bus 14, while in the last
tance is below a speci?ed value, it is known that the
recited two elements of that combination have coupled

battery is acceptable but merely needs a recharge.
The circuitry of FIG. 1 is shown in ?ve separate
?gures, FIGS. la-le, for ease of drawing. The conven

in parallel therewith the series combination of a nor
mally closed third set of contacts 46-3 forming a part of

?fth relay 46 and the winding of the third time delay

tion that like lettered circuit points are electrically con
relay 42. A normally open third set of contacts 32-3
nected to each other is used. Where useful for ease. of 55 forming a part of second relay 32 is coupled between
understanding, the particular one of FIGS. la-‘le in
line 36 and the junction of normally closed set of
which a particular element appears is placed in paren
contacts 46-3 and the coil of time delay relay 42. A
theses after the element reference number.
normally open fourth set of contacts 32-4 forming a part
The automatic battery analyzer of FIG. 1 is used to
of second relay 32 and a fourth incandescent lamp 50 v
test a lead-acid battery 10 (FIG. 1b) of the type conven 60 are coupled in series between line 36 and ac. bus 14,
tionally used for automotive starting, lighting, and igni
while a normally open second set of contacts 30-2 form
tion applications. The analyzer includes a circuit point
ing a part of ?rst relay 30 and a ?fth incandescent lamp
A for connection to the positive terminal of battery 10
52 are coupled in series between the second terminal of
and a circuit point B for connection to the negative
push button switch 20 and ac. bus 14. Fourth, ?fth, and
terminal of battery 10. Power for the analyzer is sup 65 sixth incandescent lamp 54, 56, and 58, respectively,
plied from the conventionally available source of
have one terminal connected to ac. bus 14. A second

110-120 volt, 60 hertz power 12 (FIG. 1a). One side of

terminal of lamp 54 is coupled through the series combi

source 12 is coupled to an ac. power bus 14, while the

nation of a normally open ?rst set of contacts 60-1 form

7
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ing a part of sixth relay 60 (FIG. 1d) and a normally

.

resistor 112. The emitter of transistor 82 is separately
connected to the base of each transistor 84, 86, 88, 90,

open second set of contacts 42-2 forming a part of third

time delay relay 42 to line 36; a second terminal of lamp
56 is coupled through the series combination of a nor
mally closed ?rst set of contacts 62-1 forming a part of
seventh relay 62 (FIG. 1e) and a normally open second
set of contacts 60-2 forming a part of sixth relay 60 to
the junction of normally open set of contacts 42-2 and

92, and 94 through resistors 110, 111, 112, 113, 114, and
115, respectively. Second current bus 70 is coupled

normally closed set of contacts 60-1; and a second ter

base of transistor 82.

minal of lamp 58 is coupled through a normally closed

A ?ve pole, eight position rotary switch 120 is pro
vided. Its position is selected according to the cold
cranking power rating of the battery under test. The

through a resistor 116 to the inverting input of an opera

tional ampli?er 117, and circuit point B is coupled to the
non-inverting input of that same ampli?er. The output
of ampli?er 117 is coupled through a resistor 118 to the

second set of contacts 62-2 forming a part of seventh
relay 62 to the junction of normally open set of contacts
60-2 and normally closed set of contacts 62-1. A seventh

?rst armature 122 of switch 120 is coupled to the cath
ode of a diode 124 having its anode coupled to circuit
ground and to the negative supply source —V through
a resistor 126. Each of the eight contacts 1-8 associated

incandescent lamp 64 is coupled between the ?rst termi
nal of normally closed switch 20 and a.c. bus 14.
The circuit of the analyzer as thus far described with
reference to FIG. 1a permits the operator to start and

with armature 122 is separately coupled through the
stop the operation of the analyzer while the ?rst
resistance element of an associated potentiometer to
through seventh incandescent lamps indicate the status
circuit ground, and the wiper arm of each of those
of the analyzer and the results of the tests performed. 20 potentiometers is coupled to the corresponding one of
Switch 18 applies power to the analyzer and illuminates
the eight contacts 1-8 associated with the second arma
lamp 64. Depression of switch 26 places the analyzer in - ture 128 of switch 120. The second armature is coupled
operation and depression of switch 20 terminates the
through a resistor 130 to the inverting input of ampli?er
operation. As will subsequently become evident, illumi
117. Circuit point A is coupled through a normally open
nation of lamp 44 indicates that an analysis of the bat
tery under test is in progress, illumination of lamp 48
indicates the battery under test is acceptable, illumina
tion of lamp 50 indicates the cold cranking power test
has been terminated because the terminal voltage of the

battery under test dropped excessively low, illumina
tion of lamp 52 indicates the battery under test has been
connected vto the analyzer with the incorrect polarity
and should be reversed, illumination of lamp 54 indi
cates the battery under test is unacceptable, illumination
of lamp 56 indicates that the battery under test is accept
able but should be recharged, and illumination of lamp
58 indicates the battery under test should be recharged

and tested again.
The circuitry which performs the cold cranking
power test is shown for the most part in FIGS. 1b and

1c. The circuit of FIG. 1b primarily performs the func
tion of drawing a predetermined load current from the
battery under test while the circuit of FIG. 1c deter
mines whether the cold cranking power speci?cation is

second set of contacts 34-2 forming a part of third relay
34 to the third armature'132 of switch 120. That arma

ture is also coupled through the coil of eighth relay 66
to circuit point B. Terminals 4, 5, and 6 associated with
third armature 132 are coupled together and to circuit
30

point B through the coil of ninth relay 76 whereas ter
minals 7 and 8 of that armature are coupled together
and to circuit point B through the parallel combination
of the coils of tenth relay 80 and an eleventh relay 134.
A normally open ?rst set of contacts 134-1 forming a

part of eleventh relay 134 is coupled between the
contacts 6 and 7 associated with armature 132.

The voltage developed across the resistor 69 is pro

portional to the current load on battery 10, which volt
age is used as one input to operational ampli?er 117. A
second input to the operational ampli?er is developed at
the armature 128 of switch 120 depending on which

position switch 120 is in. The potentiometer associated

with that switch are adjusted to provide inputs at volt
age levels corresponding to the battery load currents
met. The load circuit includes a network of ?xed resis 45 for the cold cranking power ratings of the different
tors to dissipate the greater portion of the battery load
batteries to be tested with the analyzer. If the battery
and an electrically variable resistance network con
load current falls below that desired, the potential at the
nected in a feedback arrangement to maintain the bat
output of operational ampli?er 117 tends to increase
tery load current at the desired level. The level of bat
positively, thus increasing the forward current bias
tery load current is manually adjustable to correspond
through each of transistor 82, 84, 86, 88, 90, 92 and 94
with the cold cranking power rating of the battery
and increasing the current flow from battery 10 through
under test.
the collector-emitter circuit of each of those transistors

Circuit point A is coupled through a normally open
?rst set of contacts 66-1 forming a part of an eighth
relay 66 to a ?rst current bus 68, and circuit point B is
coupled through a shunt resistor 69 to a second current
bus 70. A circuit point C is coupled to current bus 70. A
resistor 72 is coupled between the current buses 68 and
70 as are the series combination of a resistor 74 and a

normally open set of contacts 76-1 forming a part of a
ninth relay 76 and the series combination of a resistor 78
and a normally open ?rst set of contacts 80-1 forming a
part of a tenth relay 80. First current bus 68 is coupled
to the collectors of each of seven transistors 82, 84, 86,

88, 90, 92, and 94, the emitters thereof each being cou

pled through resistors 96, 98, 100, 102, 104, 106, and
108, respectively, to a circuit point 110. That circuit
point is coupled to second current bus 70 through a

and the battery load current. If the battery load current -

goes above that desired, the battery load current is
correspondingly reduced through a reverse mechanism.
The circuitry associated with the third armature 132 of
switch 120 tends to increase the battery current which
?ows through the ?xed resistance portion of the circuit
at higher battery load currents so that the necessary
range of load current adjustment is maintained within
the capabilities of the variable resistance portion of the

circuit including transistors 82, 84, 86, 88, 90, 92, and 94.
Thus, for batteries having relatively low cold cranking
power, switch 120 is placed in positions 1, 2, or 3 and
resistor 72 is included within the ?xed resistance portion
of the battery load, but resistors 74 and 78 are excluded
therefrom since contacts 76-1 and 80-1 are both open.

For batteries having intermediate cold cranking power,
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switch 120 is placed in position 4, 5, or 6 causing current

power test if the battery terminal voltage falls below a

?ow through the winding of ninth relay- 76, closing

predetermined value. Circuit point A is coupled to
ground through the parallel combination of a capacitor

contacts 76-1, including resistor 74 in parallel with resis

tor 72 in the ?xed resistance portion of the battery load,
and increasing the current through that portion. For
batteries having relatively high cold cranking power,
switch 120 is placed in position 7 or 8 causing current
?ow through the winding of tenth relay 80 which closes
contactor 80-1 and includes resistor 78 in the ?xed resis
tance portion of the battery load, and also causing cur- -

190 and a resistor 192 and to the inverting input of an
operational ampli?er 194 through a resistor 196. The
noninverting input of that ampli?er is coupled to the
wiper arm of a potentiometer 198 having its resistance
element coupled between the positive potential source
+V and circuit ground. Thevoutput of that ampli?er is
coupled to the base of a transistor 200 having its collec

rent ?ow through the winding vof eleventh ‘relay 134

tor coupled to positive potential source +V and its
emitter coupled through a resistor 202 to ground. A
?ow through the winding of ninth relay 76 and includ
diode 204 is provided having its cathode coupled to the
ing resistor 74 in the ?xed resistor portion of the battery
output of operational ampli?er 194 and its anode cou
'15 pled to circuit ground. The emitter of transistor 200 is

which closes contacts 134-1, thus causing current to

load.

‘

‘

There is also shown in FIG.'1b a portion of the cir

cuitry for indicating to the operator that the battery has
been attached to the analyzer with the wrong polarity.
That circuitry includes the winding of ?rst relay 30

coupled through a resistor 206 to the gate of a triac 208.
The ?rst main terminal is coupled to a ?rst terminal of

the winding of relay 32. The series combination of a
normally open ?fth set of contacts 32-6 forming a part
which has one terminal coupled to circuit point B and a
of relay 34 and a normally open second set of contacts
second terminal coupled to the anode of a diode 136,
38-2 associated with relay 38 is connected between the
which diode has its cathode coupled to circuit point A.
?rst terminal of that winding and ground; the second
In FIG. 1c, circuit point B is coupled to the circuit
terminal of that winding is connected to alternating
ground and circuit point A is coupled to the non-invert
potential source VAC.
ing input of an operational ampli?er 140. The inverting 25 The lower portion of FIG. 1d shows the circuitry
input of that ampli?er is coupled to ground through a
primarily concerned with performing the bounce back
resistor 142, and the output of that ampli?er is coupled
test. Circuit point A is coupled to the inverting input of
to the inverting ,input thereof through a feedback resis
an operational ampli?er 210 through a resistor 212. The
tor 144. The output of that ampli?er 140 is also coupled
non-inverting input of that ampli?er is coupled to the
to the X input of multiplier 146 and the Y input thereof
wiper arm of potentiometer 214 having its resistance
is coupled to circuit point C. The output of multiplier
element coupled between the positive potential source
146 is coupled to the Z input thereof. Multiplier 146
+V and circuit ground. The output of that ampli?er is
develops at its output a signal proportional to the prod
coupled to the base of a transistor 216 having its collec
uct of the signals present at its X and Y inputs. The
tor coupled to positive potential source +V and the
output of multiplier 146 is coupled through a resistor 35 emitter coupled through a resistor 218 to ground. A
148 to the inverting input of an operational ampli?er ' diode 220 is provided having its cathode coupled to the
150. The noninverting input of ampli?er 150 is coupled
output of operational ampli?er 210 and its anode cou
to a fourth armature 152 of switch 120. Each of the
pled to circuit ground. The emitter of transistor 216 is
eight contacts 1-8 associated with that armature is con
coupled through a resistor 222 to the gate of a triac 224.
nected to the wiper arm of a respective potentiometer 40 The ?rst main terminal of triac 224 is coupled to ground
and the second main terminal is coupled to a ?rst termi
154, 156, 158, 160, 162, 164, 166, and 168. One terminal
of the resistance elements of each of those potentiome
nal of the winding of relay 60.
ters is coupled to ground, while the other terminal is
The series combination of a normally open third set
coupled to the corresponding one of the eight contacts
of contacts 60-3 forming a part of sixth relay 60 and a
1-8 associated with a ?fth armature 170 of switch 120. 45 normally open third set of contacts 42-3 forming a part
Armture 170 is coupled to the positive potential source 'of third time delay relay 42 is connected between the.
+V. The output ampli?er 150 is coupled to'the base of
?rst terminal of that winding and ground; the second
an npn transistor 172 having its collector coupled to the
terminal of that winding is connected to the alternating
positive potential source +V and its emitter coupled to
potential source VAC. The series combination of two
ground through a resistor 174. A diode 176 has its cath 50 variable resistors 226 and 228 are coupled between the
ode coupled to the output of ampli?er 150 and its anode
noninverting input of operational ampli?er 210 and
coupled to circuit ground. The emitter of transistor 172
ground.
is coupled through a resistor 178 to the gate of triac 180.
The circuitry primarily concerned with the perfor
One main terminal of triac 180 is coupled to ground,
mance of the internal resistance test is disclosed in FIG.
while the other main terminal is coupled through a 55 1e. It includes a dynamic resistance measuring circuit
normally open third set of contacts forming a part of
230 having its power terminals connected to positive
third relay 34 to a ?rst terminal of the winding of ?fth
and negative potential sources +V and —V and its
relay 46. The ?rst terminal of that winding is coupled to
input terminals connected to terminal points A and B.
circuit ground through the series combination of a nor
The positive and negative outputs of the resistance
mally open fourth set of contacts 46-4 forming a part of
measuring circuit 230 are coupled to the noninverting
?fth relay‘46 and a normally open ?rst‘set of contacts
and inverting inputs, respectively, of an instrumentation
40-1 forming a part of second time delay relay 40; the
ampli?er 232 with a resistor 234 coupled therebetween.
second terminal of that winding is coupled to the alter
The Y and Z inputs of instrumentation ampli?er 232 are
nating potential source VAC. Two variable resistors
coupled together by a resistor 240. The output of the
182 and 184 are coupled in series between the nonin 65 instrumentation ampli?er is coupled to the inverting
verting input of ampli?er 150 and circuit ground.
input of an operational ampli?er 250 through a resistor
The upper ‘portion of FIG. 1d shows the circuitry
252. The noninverting input of that ampli?er is coupled
primarily concerned with terminating‘ the cold cranking
to the wiper arm of a potentiometer 254 having its resis
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tance element coupled between the positive potential source +V and circuit ground. The output of ampli?er
250
collector
is coupled
coupled
to the
to positive
base of apotential
transistorsource
256 havingits
+V and '

12

Time delay relay 28 is effective to control the length
of the cold cranking power test. When that relay times
out, contacts 28-1 (FIG. 1a) open, thus releasing relay

34, opening contacts 34-2, releasing relay 66, opening

its emitter coupled through a resistor 258 to ground. A

contacts 66-1, and ‘disconnecting the load from battery

diode 260 is provided having its cathode coupled to the

10. .‘While the cold cranking power test is in progress,
multiplier 146 is effective to develop at its output a

output of operational ampli?er 250 and its anode cou
pled to circuit ground. The emitter of transistor 256 is
coupled through a resistor 262 to the gate of a triac 264.
The ?rst main terminal of triac 264 is coupled to 0

signal proportional to the product of the terminal volt
age of battery 10 and the voltage across resistor 69, the
latter voltage being proportional to the current deliv
ground, and the second main terminal is coupled to a .1 ered by the battery. Thus, the output of multiplier 146 is
?rst terminal of the winding of seventh relay 62. The
proportional to the power supplied by the battery. A
second terminal of that winding-is connected to. the
potential. proportional to the battery cold cranking
alternating potential source VAC. The series combina
power speci?cation is developed by the selected one of
tion of two variable resistors 266 and 268 is coupled 5 potentiometers 154, 156, 158, 160, 162, 164, 166, and
between the noninverting input of operational ampli?er
168. If the signal at the inverting input of ampli?er 150
250 and ground.
- '
~
falls below the potential at the noninverting input, indi
The operation of the analyzer of FIG. 1 will now be
cating the power being produced by the battery is
described bystating what happens when an operator
below the speci?cation, the output of ampli?er 150
tests a battery thereon. The operator ?rst attaches the. becomes positive, thus forward biasing the base-emitter
battery to be tested to circuit points A and B, sets switch " junction of transistor 172, causing its emitter-collector

120 to the position corresponding to the cold cranking
circuit tobecome conductive, and applying a positive
rating of that battery, and applies-power to the'analyzer - potential to the gate of triac 180 causing it to be conduc
by closing switch 18. If the operator should inadver
tive. First relay 34 is actuated during the cold cranking
tently reverse the connections to the battery so that it is
‘power test so that contacts 34-3 will be closed and relay
coupled to the analyzer with the wrong polarity, cur- : 46 will be actuated if the battery fails the cold cranking
rent from the battery will flow through diode 136 (FIG.
test.
lb) and actuate relay 30 (FIG.~1b), thus closing contacts
If ?rst time delay relay 28 times out and relay 46 is
30-2 (FIG. 1a) and illuminating lamp 52 through the
not actuated, this means that the battery has passed the
circuit including those contacts and normally closed
cold cranking power test and is an acceptable battery.
switch 20. Illumination of lamp 52 indicates to the operr"v
In this case, contacts 28-2 will open and lamp 44 will be
ator that the polarity of the battery should be reversed.
extinguished, indicating to the operator that the test has
When the batteryv is correctly polarized, the operator
been completed. Further, contacts 28-3 will close,
starts the testing operation by temporarily depressing
contacts 46-2 will remain closed since relay 46 has not

normally open switch 26, thus actuating relay 34

been actuated, and lamp 48 will be illuminated, indicat

through the circuit of contacts 38-1, 30-1, and 32-1. It
should be noted thatif the operator ignores the reverse

ing to the operator that the battery under test has met its

speci?cation and is acceptable. If ?rst time delay relay

polarity indication given by lamp 52 and depresses
switch 26 despite that lamp being illuminated, the analy

28 times out and relay 46 is actuated, this means that the
battery has failed the cold cranking power test. Actua
zer will still not commence the testing operation be 40 tion of relay 46 causes contacts 46-4 (FIG. 1e) to close.
cause the normally closed contacts 30-1 will be open.
Time delay relay 40 has a delay slightly shorter than
When relay 34 is actuated, contacts 34-1 are closed so
that of time delay relay 28. Thus, if contacts 46-4 are
that the relay will remain actuated even after switch 26
closed at the end of the cold cranking power test,
released and returns to its normally open position, and
contacts 464 will also be closed so that relay 46 will
contacts 34-2 are closed thereby coupling line 36 to one 45 remain locked in an actuated position even after termi
side of the power source 12. Energizing line 36 has at
nation of the cold cranking power test and the opening
least three effects: (1) It causes current to flow in the
of contacts 34-3. The presence of time delay relay 40
circuit of contacts 28-2 and 42-1 to illuminate lamp 44, ~ and contacts 40-1 insures that the cold cranking power
which indicates to the operator that a test is in progress;
test circuitry is responsive only to the power being
(2) it causes relay 38 to be actuated; and ,(3) it causes. delivered by the battery at the end of the cold cranking
current to ?ow through the contacts 32-2 to the time
power test and, in particular, ‘that relay 46 is not locked
delay relays 28 and 40. Actuation of relay 38 closes . ,in its actuated position if the power being delivered by
contacts‘ 38-1, vinsuring that line 36 will remain ener
the battery should temporarily fall below the cold

gized even when relay 34 is subsequently released.
As mentioned, depression of switch 26 actuates relay

cranking‘ speci?cation sometime during the time period

34. This closes contacts 34-2 (FIG. 1b) which com
mences the cold cranking power test. When contacts
34-2 are closed, current from the battery 10 ?ows

tion in the discharge characteristics of the battery under

through the winding of relay 66 actuating that relay,
closing contacts 66-1, and placing the load, including

voltage of the battery should fall below the potential

resistors 72, the selected ones of resistors 74 and 78, and
the variable resistance network, across the battery 10.
As previously described, armature 132 of switch 120

of the cold, cranking power test because of some aberra
test.

If during the cold cranking power test the terminal
60

appliedto the noninverting, input of operational ampli
?er 194, the output of that ampli?er will become posi

tive, thus forward biasing the emitter-base junction of

transistor- 200, applying a positive potential to the gate
of triac 208, and actuating relay 32. Actuation of that
the load. Armature 122 of switch 120 selects the load 65 relay. will (1) open contacts 32-1 (FIG. 10), thus releas
current level which the circuit will operate to maintain
ing relay 34 and terminating the cold cranking power
selects which one of resistors 74 and 78 are included in

by selecting the potential applied to the inverting.v input
of ampli?er 176.

i

'

test, (2) open contacts 32-2, thus preventing further
operation of time delay relays 28 and 40, (3) close

