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[57] ABSTRACT 
A method for testing electrical storage batteries em 
ploys a measurement of electrical capacitance between 
the battery terminal posts to indicate whether the con 
structional quality of the battery is acceptable and, if 
not, to further indicate the class of defect involved, and 
employs a measurement of the dissipation factor of 
electrical capacitance between the battery terminal 
posts to indicate whether the degree of oxidation of the 
electrode plates is within acceptable limits, which mea 
surements and indications are preferably employed in 
conjunction with each other when full testing of a bat 
tery is desired but may also be used separately when 
only testing for a particular kind of defect is desired. 
The method is further characterized, in that, the mea 
surements of capacitanceand dissipation factor are 
made while the battery is in “dry" condition without 
any electrolyte present therein. 

4 Claims, 1 Drawing Figure‘ 
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BATTERY TESTING METHOD EMPLOYING 
CAPACITANCE AND DISSIPATION FACTOR 

MEASUREMENTS 
This invention relates to the testing of electrical stor 

age batteries and, more particularly, to an improved 
method of testing such batteries for various defect con 
ditions while the batteries are in a “dry” condition 
without electrolyte therein. ‘ 
During the manufacture of electrical storage batter 

ies, it is desirable to be able to perform quality control 
testing to detect constructional defects immediately 
after fabrication and assembly has been completed and 
without any necessity for introducing electrolyte into 
the battery as required by conventional battery testing 
methods. This is especially the case with batteries that. 
‘are to be stored or even shipped in “dry” condition, 
with the battery to be later filled with electrolyte and 
activatedonly shortly prior to sale or use. It is also de 
sirable to be able to include in the defects being tested 
for in an assembled battery, any condition of excessive 
oxidation of the battery plates which may have oc 
curred in the plate components either prior to assembly 
of the battery or during storage of the assembled bat 
tery, or at both of such times. 
Known testing methods for electrical storage batter 

ies either have been of questionable accuracy, have 
been unable to perform testing for all of the conditions 
to be checked, have failed to provide any indication of 
the nature of a detected defect, have required the intro 
duction of electrolyte into the battery, have required 
the provision of complex or expensive special purpose 
equipment, or have been characterized by a number of 
such disadvantages. > 
Accordingly, it is the primary object of this invention 

to provide an improved method for testing electrical 
storage batteries which overcomes the aforesaid disad 
vantages of prior testing methods and permits such bat 
teries to be accurately and reliably tested for various 
types of possible defects, while the battery is in “dry” 
condition, and with the use of only well-known, widely 
available and relatively inexpensive types of electrical 
measuring instrumentation. 
Further speci?c objects or advantages of the inven 

tion will be made clear or become apparent from the 
description of the invention that follows. 

In the single FIGURE of the drawing, a typical elec 
trical storage battery and the control and display panel 
of an illustrative embodiment of apparatus for use in 
performing the method of the invention are depicted 
somewhat schematically, for convenience of reference 
and to assist invisualizing the simplicity characterizing 
application of the method. 
Among the defects in fabrication or assembly of elec 

trical storage batteries that desirably should be detect 
able during quality control testing performed upon the 
completion of assembly of a battery are defects involv 
ing (a) either a poor electrical connection or a com 
plete failure to effect electrical connection either be 
tween a terminal post and the set of electrode plates 
normally connected thereto or between some of such 
set of plates and the remainder thereof, (b) defects in 
volving either a path of excessive electrical leakage or 
a “short circuit” between the terminal posts of the bat 
tery or between the respective sets of electrode plates 
normally connected to such posts, (c) defects involving 
an abnormal physical relationship between the elec 
trode plates associated with the respective terminal 
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2 
posts which may lead to premature failure of the bat 
tery after being placed in service, and (d) defects in 
volving excessive oxidation of electrode plates between 
the time of fabrication thereof and assembly of the bat~ 
tery. 
The first of these mentioned categories of defects can 

arise from a terminal post that is broken or cracked 
within the battery assembly and, therefore, not capable 
of detection by visual inspection, or through breakage, 
cracking or faulty interconnection of the electrically 
conductive members employed within the battery to 
intercouple the electrode plates within one battery to 
the corresponding terminal post. The second category 
of mentioned defects normally will arise from the pres 
ence of a piece of electrically conductive foreign mat 
ter, such as a “lead tear" resulting from installation of 
a terminal post, being present within the battery and 
disposed in bridging relationship between a pair of 
electrode plates of opposite polarity. The third cate 
gory of mentioned defects may arise from improper 
mounting or alignment of the electrode plates of one 
polarity with respect to those of the opposite polarity 
or from bends of one or more plates by which the spac 
ing between at least certain plates of opposite polarity 
is less than is desired for maximum battery life. The 
fourth category of mentioned defects may arise from 
fabrication or from prolonged or improper storage of 
electrode plates, and a similar condition can also arise 
later from prolonged or improper storage of the battery 
after assembly thereof. 
Although the ?rst two categories of defects can be 

tested for in a generalized way by ?lling the battery 
with electrolyte and measuring the electrical resistance 
between the terminal posts of the battery,'this requires 
the undesired step of introducing electrolyte and also 
often fails to provide a sufficiently sensitive quantita 
tive measurement to reliably aid in indicating the spe 
ci?c nature or cause of the defect. Conventional resist 
ance-type testing is simply not adapted to detect the 
third and fourth categories of defects. 

It has been discovered that the disadvantages and 
limitations of conventional resistance testing of electri 
cal storage batteries may all be overcome by predicat 
ing the testing measurements giving rise to the detec 
tion and identi?cation of defects upon the electrical ca 
pacitance that is effectively presented between the ter~ 
minal posts of an electrical storage battery by virtue of 
the spaced, interleaved relationship between the plural 
ity of electrode plates connected with one terminal post 
and the plurality of electrode plates connected with the 
other terminal post. It has been also found that direct 
measurement of the value of such capacitance, which 
may be accomplished with any of a number ,of well 
known, widely available and relatively inexpensive ca 
pacitance measuring instruments, can be employed not 
only to directly detect the existence of defects, but also 
to give a surprisingly reliable indication of the nature 
and cause of the defect. ‘ , 

Moreover, once the equivalence of an electrical stora 
age battery ‘in “dry condition" to an electric capaci 
tance is recognized, it then becomes possible to include 
in the testing method a procedure for detecting the 
troublesome excessive oxidation condition in batteries, 
which conventional prior battery testing methods have 
not even attempted to detect. Heretofore, only visual 
observation of the electrode plates has been conven 
tionally used prior to assembly of the plates into a bat 
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tery, which has been extremely unreliable as a means 
of detecting excess oxidation, and, of course, even vi 
sual inspection of the plates becomes impossible once 
they are assembled into a battery to be placed in inven-' 
tory. The method of this invention, however, provides 
a convenient and effective procedure for detecting ex 
cessive oxidation on the electrode plates of even a fully 
assembled battery predicated upon measurement of the 
capacitative dissipation factor of the capacitance effec 
tively presented between the terminal posts of an elec 
trical storage battery in “dry condition.” I 

In general, therefore, the method of ‘testing electrical 
storage batteries provided by this invention involves 
the coupling of the terminal posts of the battery with 
any suitable means of measuring and providing a direct 
quantitative indication of the value of the capacitance 
presented between such terminal posts and the dissipa 
tion factor of such capacitance, with defects being de 
tected and their nature indicated by the quantitative 
relationship of the measured values to predetermined 
ranges of such values that are empirically determined 
for each type of battery. 

Referring next to the illustrative testing set-up shown 
in the drawing, a battery to be tested is generally indi 
cated at 10, and conventionally includes positive and 
negative terminal posts 12 and 14 extending through 
the top 16 of a hollow battery casing‘ 18. The top 16 is 
normally formed of electrical insulating material and is 
provided with a plurality of openings closed by ?ller 
caps 20 to permit the introduction of electrolyte into 
the battery 10 when it is to be placed into use. Those 
skilled in the art will further appreciate that the typical 
battery 10 internally includes within the casing 18 a 
plurality of electrode plates interconnected with each 
other and with the terminal post 12 and a second plu-v 
rality of electrode plates electrically connected with 
each other and with the terminal post 14. The means 
mounting the electrode plates associated with each of 
the posts 12 and 14 is so arranged as to normally hold 
one set of plates in spaced, interleaved relationship 
with the other set of plates with the spacing therebe 
tween being as uniform as reasonable manufacturing 
tolerances will permit. Such electrode plates are typi 
cally divided between three or more cells within the 
casing 18 and the internal electrical connections be 
tween the plates within each cell are arranged to pro 
vide a series connection of cells to present the desired 
output voltage at the terminal posts 12 and 14 when the 
battery 10 is activated. 
One typical battery, which will be further referred to 

in explaining the method of this invention, is the Model 
YP-24 electrical storage battery manufactured and 
sold by Farmland Industries, Inc. of Kansas City, Mo., 
the assignee of this application. In that battery, adja 
cent electrode plates are arranged on 0.240 in. centers, 
the negative plates are 0.065 in. thick and the positive 
plates are 0.080 in. thick, providing a gap of 0.1675 in. 
between the surfaces of adjacent plates. It should also 
be noted that, in the mentioned battery, a total of 78 
plates are employed, each of which has major dimen 
sions of 4 15/16 in X 5 5/8 in. 
Returning attention to the drawing, there is depicted 

at 30 the control and display panel of an illustrative 
. piece of apparatus for use in practicing the method of 
this invention. The apparatus is provided with electrical 
operating power through aline cord 32 and a power 
switch 34. The panel carries two sets of indicators, the 
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?rst of which relates to the measurement of capaci 
tance of the battery 10 and the indication of defects de 
tectable therefrom, while the second set pertains to the 
measurement of capacitative dissipation factor and to 
the indication of defects detectable therefrom. Basi 
cally, the ?rst indicator preferably comprises a meter 
36 having an indicating needle 37 and a calibrated 
scale 38, it being noted that the scale 38 is divided into 
5 signi?cant segments 40, 42, 44, 46, and 48, the spe 
ci?c signi?cance of which will be later described. Pref 
erably, but optionally, the detector associated with the 
capacitance measurement may also include a series of 
indicator lights 50, 52, 54, 56 and 58, which function- ' 
ally correspond to the segments 40, 42, 44, 46 and 48 
on the scale 38 of meter 36. The second indicator, 
which is for showing the measurement of capacitative 
dissipation factor preferably comprises a meter 60 hav 
ing an indicating needle 62 and a calibrated scale 64 
divided into two signi?cant segments 66 and 68, and 
preferably also includes indicating lights 76 and 78 
functionally corresponding to the segments 66 and 68. 
The apparatus employed to effect a measurementof 

the electrical capacitance between battery posts 12 and 
14 may be of any conventional nature, but typically will 
include a capacitance bridge circuit coupled with the 
meter 36 and adapted for coupling with the terminal 
posts 12 and 14 by means of a conductive probe 80, a 
battery clip 82 and lead lines 84 and 86 respectively 
coupled therewith. A control knob 88 may be provided - 
on the panel 30 for use by an operator in accomplishing , 
any “nulling" or adjustment that may be necessary in 
the calibration or operation of the‘particular type of ca 
pacitance measuring instrumentation chosen, in order 
to cause the indicating needle 37 of meter 36 to pro 
vide a direct reading corresponding to the electrical ca 
pacitance between the terminal posts 12 and 14. 

Similarly, the electrical instrumentation to be pro 
vided for measuring the dissipation factor of the electri 
cal capacitance between terminal posts 12 and 14 for 
operating the needle 62 of meter 60 to provide a direct 
measurement of such dissipation factor can bechosen 
from any of a number of such instruments that are com 
mercially available. It may be noted that the dissipation 
factor of a capacitance is equal to the reciprocal of the 
quality factor normally known as “Q”, so that one of 
the commonly available “0 meters" may be employed 
with proper provision being made for calibration of the 
scale 64. Another available approach, and the one cur 
rently preferred, involves deriving the dissipation fac 
tor measurement from the fact that dissipation factor 
in a capacitance is equal to the tangent of the deviation 
of phase shift produced by an unknown capacitance 
from the expected 90° phase shift that will be produced 
by a pure capacitance. A control knob 90 is shown on 
the display panel 30 to permit the operator to make any 
adjustments that may be required forf‘nulling" or oper- _ 
ation of the particular type of dissipation factor mea- 
suring instrumentation that is selected. 

In any event, the choice of available desired forms of 
_ instrumentation for operating the capacitance measur 
ing meter 36 and the dissipation factor measuring 
meter 60, and the appropriate corresponding calibra 
tion of the scales 38 and 64, are well within the skill of 
the art, once the method itself is understood. 
For each particular type and model of battery 10 to 

be tested, it is necessary to establish predetermined 
ranges of capacitance and capacitative dissipation fac- 
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tor values corresponding to such parameters for batter 
ies of acceptable quantity, and it is also desirable to es 
tablish ranges of such values that are indicative of the 
existence of particular types of defects in batteries of 
the particular type and model to be tested. This is most 
conveniently done empirically by initially testing both 
a plurality of batteries 10 known to be of acceptable 
construction and quality and further pluralities of bat 
teries known to embody particular defects. This will de 
?ne the ranges of values both for acceptable batteries 
and for indicating particular types of defects. For ex 
ample, with the above-mentioned Model YP,-24 bat 
tery, it has been found that the range of capacitance 
values between the posts 12 and 14 of batteries of ac 
ceptable quality is from about 370 picofarads to about 
440 picofarads, and that the range of acceptable dissi 
pation factors indicating an absence of excessive oxida 
tion of the electrode plates is from 0 to about 4.0, 
which is a dimensionless number expressing the dissipa 
tion factor in terms of the tangent of the deviation of 
phase shift from that which would be expected with a 
pure capacitance (if it should be desired to indicate the 
dissipation factor in terms of the sine of the phase shift 
deviation, which may be more convenient with some 
types of available instrumentations, the corresponding 
value would be 0.970). Similarly, for the Model YP-24 
battery, it was thus established that a capacitance mea 
surement greater than about 440 picofarads indicates 
the existence of a defect and, more particularly, that a 
measurement in excess of about 500 picofarads indi_ 
cates substantially a “dead short” between the terminal 
posts 12 and 14 or the positive and negative electrode 
plates respectively associated therewith, while a capac 
itance measurement in the range of about 440 picofar 
ads to about 500 picofarads normally indicates an ex 
cessive electrical leakage path not constituting a “dead 
short” between the terminal posts 12 and 14, such as 
might be caused by the presence of foreign matter be 
tween plates that is not of highly conductive material 
but which would nevertheless prevent the battery from 
functioning properly. Finally, such pretesting of Model 
YP-24 batteries with known defect conditions has es 
tablished a capacitance measurement of less than about 
370 picofarads as indicating an imperfect internal con 
nection, with values within the range of 0 to about 30 
picofarads indicating a complete “open circuit” and 
values within the range from about 30 picofarads to 
about 370 picofarads indicating varying degrees of im 
perfections in internal electrical connections or, per 
haps, the absence of connection with only certain ones 
of the electrode plates of a given polarity such as may 
occur when an inter-cell plate connection is not prop 
erly effected. 

It will now be understood that the acceptable range 
of capacitance values may be represented by the sector 
44 of scale 38 of meter 36, with the above-mentioned 
higher capacitance ranges represented by segments 46 
and 48 and the above-mentioned lower capacitance 
ranges represented by segments 40 and 42. Similarly, 
the segment 66 of calibrated scale 64 of the meter 60 

‘ represents the range of acceptable dissipation factors, 
while the segment 68 represents the range of dissipa 
tion factor values that indicate excessive oxidation of 
the electrode plates. It may conveniently now also be 
pointed out that each of the indicator lights 50, 52, 54, 
56, and 58 may be coupled with the capacitance mea 
suring circuitry in known manner so as to provide a 
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6 
quick indication of the range of capacitance value mea 
sured for the battery 10 under test; thus, the light 54 
corresponding to the segment 44 of meter 36 and indi 
cating a capacitance measurement within the accept 
able range may be colored green, while the lights 52 
and 56 may be colored yellow and coupled with the ca 
pacitance measuring circuitry to be energized when the 
measurement corresponds with operation of the indi 
cating needle 37 into the range segment 42 or 46 re 
spectively, while the lights 50 and 58 may be colored 
red and similarly coupled to be energized for capaci 
tance measurements within the range segments 40 and 
48 respectively, The lights 76 and 78 may similarly be 
green and red respectively and conventionally coupled 
with the dissipation factor measuring circuitry to pro 
vide acceptance and defect detections corresponding 
to the segments 66 and 68 of the meter 60. 
Having established the various ranges of significant 

values of capacitance and dissipation factor for a given 
type of battery 10 (which, in general, may be expected 
to differ for each type and model of battery), the 
method of this invention then contemplates that any 
suitable form of known apparatus for measuring such 
parameters will be provided and electrically‘ coupled 
with the terminal posts 12 and 14 of a battery 10 of the 
same type and model but of unknown quality, and that 
measurements of the capacitance and capacitative dis 
sipation factor would, then be made and an indication 
given of such measurements, in order to detect and in 
dicate whether the battery 10 under test is of accept 
ableor non-acceptable quality and, if the latter, to fur 
ther detect and indicate the class of defect condition 
existing in such battery 10. As previously noted, de 
tected defects may be indicated in any suitable fashion, 
such as by quantitative readings from a calibrated scale 
such as scales 38 and 64 of meters 36 and 60, from sig 
ni?cant range segments calibrated and marked onto 
such scales 38 and 64 as at 40, 42, 44, 46, 48, 66 and 
68, or by means of condition‘ indicator lights as at 50, 
52, 54, 56, 58, 76 and 78, or by any desired combina 
tion of these or other conventional indicating means. 

It may be desirable, with certain types of measuring 
circuitry that might be chosen for employment in prac 
ticing the method of this invention for the capacitance 
procedure and the dissipation factor procedure to be 
performed sequentially, and, in the case of batteries 
that have previously been tested for constructional de 
fects, but require retesting after storage merely to ver 
ify the continuing absence of excessive oxidation of the 
electrode plates, no repetition of the capacitance test 
may be necessary or desired. Accordingly, a control 
switch such as indicated at 92 in the drawing may be 
provided in order to permit a selection between the ca 
pacitance measurement and the dissipation factor mea 
surement procedures of the overall method. 
After the detection of a defect and the indication of 

the class of defect involved, appropriate remedial ac 
tion may be taken, if feasible for that sort of defect, or 
irreparably defective batteries can be reliably sepa 
rated from the acceptable batteries at an early stage of 
the manufacturing process. The method of the inven 
tion thus effectively satis?es the requirements of qual 
ity control testing and, even when defects are discov 
ered, oftentimes reveals such defect in time to permit 
either corection thereof or at least the salvaging of por 
tions of the assembly. Most importantly, however, the 
method provides for a more reliable and economical 



7 
manner of detecting and indicating the nature of a 
wider variety of possible defects than could be detected 
with conventional battery testing methods, and accom 
plishes these desirable results without requiring that the 
“dry” condition of the battery be altered by the intro 
duction of electrolyte into the battery. 
Having thus described the invention, what is claimed 

as new and desired to be secured by Letters Patent is: 
l. A non-destructive method of testing a fully assem 

bled, but electrolyte-free, electrical storage battery 
having a hollow casing, a pair of electrically conductive 
terminal posts extending through the casing from the 
interior to the exterior thereof in spaced, electrically 
insulated relationship to each other, a pair of pluralities 
of electrode plates within the casing, means for nor 
mally supporting the plates of one plurality thereof in 
spaced, interleaved, electrically insulated relationship 
with the plates of the other plurality thereof, and means 
for normally electrically connecting the plates of each 
respective plurality thereof together and with a corre 
sponding terminal post, said method comprising the ini 
tial steps of: 

a. providing means for measuring the electrical ca 
pacitance between a pair of electrical terminal 
points; and ‘ 

b. electrically coupling said capacitance measuring 
means with said terminal posts of said battery to 
measure the electrical capacitance therebetween 
as an indication of the constructionalguality of the 
battery; 

and then the further steps of: 
i providing means for measuring the amount of dissi- I 

pation in an electrical capacitance connected be 
tween a pair of electrical terminal points; and 

ii electrically coupling said dissipation measuring 
means with said terminal posts of said battery to. 
measure the dissipation of the capacitance therebe 
tween as an indication of the oxidation condition of 
said plates. 

3,750,01 1 
8 , 

2. The method as set forth in claim 1, including the 
further step of: ' 

iii. detecting whether the dissipation measured in 
step (ii) is below a predetermined value peculiar to 
the type of battery being tested, so as to indicate an 
absence of excessive oxidation of said plates. 

M3‘.- x‘no?laésrr?étive "m'e'thod‘of ‘testing-‘a fully 
assembled, but electrolyte-free, electrical storage 
battery having a hollow casing, a pair of electrically 

‘0 conductive terminal posts extending through the 
casing from the interior to the exterior thereof in 
spaced, . electrically insulated relationship to ' each 
other, a pair pluralities of electrode plates within the 
casing, means for normally supporting the plates of 

15 one plurality thereof in spaced, interleaved, elec 
trically insulated relationship with the plates of the 
other plurality thereof, and means for normally 
electrically connecting the plates of each respective 

20 plurality thereof together and with a corresponding 
terminal plosttsaid method comprising the steps of: 

5 

i. providingmeans'for’measuring the amount of dis 
sipation in an electrical capacitance connected 
between a pair of electrical terminal points; and 

ii. electrically coupling said dissipation measuring 
means with said terminal posts of said battery to 
measure the dissipation of the capacitance there 
between as an indication of the oxidation condi 
tion of said plates. ' 

30 4. The method as set forth in claim 3, including the 
further step of: 

iii. detecting whether the dissipation measured in 
step (ii) is below a predetermined value peculiar 
to the type of battery being tested, so as to indi 
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cate an absence of excessive oxidation of said 
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